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DESCRIPTION 



APPARm iSJBDSJNIR QDUCING BIQLCK^IICAL MATERIAL METHOD OF 
. INTRQDUCIM IBIOLOGICAL MATERIA L A]^ 

INTRODUCING BIOLOGICAL MATERIAL 



TECHNICAL FIELD 

The present mvention relates to an apparatus for introducing a biological material, 
a method of introducing a biological material, and a magnetic support for introducing a 
biological material Specifically, the invention relates to an apparatus for introducing a 
biological material, a method of introducing a biological material, and a magnetic support 
for introducing a biological material by which a genetic material such as a foreign DNAcan 
be introduced into a oeH of an organism or a bacterium using a magnetic Si5)port, so as to be 
utilized in the various fields such as the manufocturing indxistry, medical health care 
services, the pharmaoeutical industry, agriculture, fishery, livestock industry, and 
biochemistry, which perform DNAdoning, gene therg5)y, breeding of plants or animals, 
production of useful proteins, and biochemical analysis. 



BACKGROUND ART 



Conventionally, in the field of genetic engineering, in order to perform DNAdoning, 

gene therapy, or breeding, a vector is necessary as a carrier which brings a foreign tai^t 

gene into a cell of an oi^anism, in addition to err^rmes which cut and paste genes. If a 

bacteriimi such as E. ooli as a host is used as such a vector, a plasmid oreiX ph£^ has been 

used and mixed with E. coli and the like, then electroshocked to introduce this. Moreover, 

in order to separate the E. colis introduced in this manner, the process has been such that, 

after a series of treatments to combine an antibiotic resistant gene resistant to antibiotics 
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into the plasmid or the like, only cells which axe transformed throu^ the antibiotic 
treatment are extracted. 

Moreovei; there have been three methods for bringing a foreign tai^t gene into an 
animal cell, namely; (l) to introduce a foreign gene as is, (2) to introduce it by microinjecdon, 
and (3) to make a retrovirus carry it 

Introducing a foreign target gene as is, into an animal cell is performed by mixing 
caldiun phosphate with the foreign genes, and then mixing the precipitated genes with the 
animal cells. The reason for this is that by so doing even a small number of cells can take-in 
the precq)itated genes. 

In the microinjection, a foreign gene is directly ioserted into a cell nucleus using a 
micropipette (extra fine capiUary tube) which is made £rom very fine glass having a 
diameter of O.lixm, while watching throu^ a microscope. 

Moreovei; in order to xise a retrovirus as a vectxn; a foreign target gene is 
sandwiched between the opposite terminals by a retrovirus LTR (transcriptional promoter 
and poly A-binding site) to create the vecfcoi; which is then introduced into an animal cell. 

Furthermore, there is another method wherein the biolc^cal material is 
introduced using magnetic particles by shooting the magnetic particles fixed with the 
biological materials into cells, oi^ans, or tissues at high speed Gnitial velocity is 50 to 
40Qm/seoond) (for example, refer to Japanese Unexamined Patent Publication No. 
6-133784^ paras. 14^19, and 20). This method is to fodlitate the concentration or separation 
of cells by using magnetic force. 

Incidentally, in the conventional method of introducing a target gene described 
above, a parasitic genetic Victor (extrachromosomal gene of a bacterium which can 
proliferate independently fiord chromosomes and the like) such as a plasmid or a virus such 
as a X phage has been used as a vector. There has been a problem in that^ the parasitic 
genetic foctor and the virus are intrinsically pathogenic in many cases, and even if the 
pathogenidly is put out of action in use, they may recover the pathogenicity by recombining 
with another pathogen infected to tbe host. Moreovei; there has been another problem in 



that, even if electcoshock is applied diiriiig the introduction, the intrtxlvictbn efficiency is not 
hi^ enou^. Furthemioie there has been anotiier pzoblem in that, due to the presence of 
the antibiotic resistant gene used when the introduced celfe are extracted, the diffusion of 
the antibiotic resistant gene may negatively aflEect the environment of the host. 

If the host is an animal cell, the first method can be readily performed since the 
operating procedure is sinQ)le. Howevei; this method has a problem of extremely poor 
eflSdency. The second method allows introducing the target gene into the cell nucleus 
reliably. However; there has been a problem in that to master this technique requires a 
reasonable technical training and takes time. 

In the third method, a package cell strain having the autonomous 
replication-competence deleted and genes required for proliferation combined into a 
chromosome is used for ensuring the safety of the retrovirus. However, there has been a 
problem in that, similarly to the abovementioned plasmid, the retrovirus may recover the 
pathogenicity by recombining with another pathogen infected to the host. 

In the method of shooting the magnetic particles fixed with the biological materials 
into cells at hig^ speed using a firing apparatus, there have been problems in that' the scale 
of the apparatus becomes larger; and that the magnetic particles which are once fired and 
gp astray &om the cells can not be reused, and hence the efl&cacy is low after alL There has 
been another problem in that, since they are shot at high speed, cells having low strength 
are broken down when the particles collide with the cells, making it impossible to introduce 
the biological materials thereinto. 

As described above, any method has a problem of poor efficacy, since the way to 
introduce a biological material into a host is to let the host and the biological material 
suspended or contained in the solution encounter naturally, or to introduce the biological 
material into the host one by one manually, or only once by a firing apparatus. 

Therefore, the present invention has been developed to solve the abovementioned 
problems, with a first object of providing an apparatus for introdvicing a biological material, 
a method of introducing a biological xrtaterial, and a magnetic support for introducing a 



biological material, whereby a foreign biological material can be introduced into a host 
ejKdently, not by relying on a natural enooimter of a host and a biok^cal material, but by 
using a magnetic iorce and controlling its magnitude, direction, location, and the like, to 
promote the collision by moving the magnetic support untfl. it enters the hostj or to promote 
5 the encounter by densi^ong the biolc^cal material in the solution. 

A second object is to provide an apparatus for introducing a biolc^cal material, a 
method of introducing a biological material, and a magnetic support for introducing a 
biolc^cal material, wherein various treatments are standardized and automatically 
performed without relying on manpower nor sidlled technicians^ so that the introduction 
10 into a host can be readily performed. 

A third object is to provide an apparatus for introducing a biological material, a 
method of introducing a biological material, and a magnetic support for introducing a 
biological material, whereby the introduction can be performed without using a 
rea)mbinantofa virus or a parasitic genetic &ctor such as a plasrnid, and a biological 
15 material can be introduced safely. 

A fourth object is to provide an apparatus for introducing a biological material, a 
method of introducing a biological material, and a magnetic support for introducing a 
biological material, whereby a host having a foreign biological material introduced thereinto 
can be readily and rehably separated and extracted. 
20 Afifth object is to provide an apparatus for introducing a biological material, a 

method of introducing a biological material, and a magnetic support for introducing a 
biological material, whereby the effect on the environment caused by combining an 
antibiotic resistant giene can be avoided, enabling safe separation and extraction. 

A sixth object is to provide an apparatus for introducing a biological material, a 
25 method of introducing a biological material, and a magnetic support for introducing a 

biological material, which has variety and generality allowing introduction imder various 
conditions according to the properties of hosts and biolc^cal materials. 
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DISCLOSURE OF THE INVENTION 



In order to solve the abovementioned techiucal problems, a first aspect of the 
present invention provides an apparatus for introducing a biological material which has- 
one or more p acking tmits in which a mixture solution containing a large number of 
magnetic supports canyii^ a biological material to be introduced into a host such as cells 
iipon using, together with a lai^ number of the hosts in solution is pooled; and an 
introduction treatment imit wluch controls a magnetic force affecting the inside of the 
p acking wait so as to move the magnetic sxq)ports relatively with respect to the host in 
solution to introduce the biological material into the host. 

'Host' means an object into which the foreign biological material is introduced, or 
is to be introduced, corresponding to for example, eukaryotic cells such as plant or flniTngl 
cells OndudiE^ human cell), prokaryotic celk such as bacteria, proteins, and the like. 

''Biological material" is a material for giving desired properties to the host, and 
includes for example, genes, eniymes, antigens, antibodies, proteins, pheromones, 
allomones, mitochondria, viruses, plasmid, and the like. 

The magnetic si9)port carries the biobgical material by for example, physical 
adsorption, electrical interaction, chemical absorption, oovalent binding, or the like. 

^Magnetic support" is a support which is magnetic due to overall or partial 
magnetization, or which is magnetizable. Its properties such as shape, sizse, and 
susceptibility, and the amount, and density are determined by the metliod of introdudi^ a 
biological material, and the properties, the amount, and the density of the host, and the like. 
The material of the magnetic support is for example a siq)erparamagnetic single-domain 
partide havix^ a surfoce stabilizing substance. The particle is made of for example, an iron 
hydroxide, an iron oxide hydrate, an iron oxide, a mixed iron oxide, or iron. 

The size of the magnetic support is determined by conditions such as the type or 
the size of the host, or the tyi>e or the size of the biological material For example, if the host 
is a prokaryotic ceU, it would be about between l(X)nm and 2(X)imi. Ifit is a eukaryotic cell 



such as for example, yeast or an animal oeU, it would be between Ijum and 2pm. 

If the biological material is introduced by adhering the magnetic support to the 
host, the shape of the magnetie support is globular for example, and the partide surfeoe 
coating sufcstanoe is reqxiired to be a material which has a good adhesion onto the surfeice of 
5 the host. Furthermore, in the case where the host can not be adhered4lie<»Un^^ 

the host is strong, or there is a cell wall, or in the case where the introduction into the host is 
performed without performing cell surfeioe treatment^ the magnetic support preferably has 
a shape with tapered ends. 

*Tb control the magnetic force a£Eecting the inside of the packing xmit?' means to 

1 0 control the direction or the size of a predetermined magnetic force aflfecting the inside of the 
packing unit, the relative position of the magnetic source with respect to the packing xmit or 
the solution, the relative speed or the aooelemtion of the magnetic soim^e with respect to the 
packing unit or the solution, or the time to apply the ms^etic force, so as to relatively move 
between the host and the magnetic support^ to promote collision, thereby increasing the 

15 number of coUL^ons or the mte of collision (average mmiber of collisions per unit time), or 
for example,so as to move the m^^etic support carrying the biological material with 
respect to a perforated host or a host which has a soft boundaiy not requiring perforation 
treatment^ to make an area where the biological material is densified more than the 
surroundings, thus increasing the chance of enooimter with the host^ and enabling to 

20 increase the introduction efi&ciency. 

In order to promote ooBisions or encounters, the relative movement distance of the 
magnetic support with respect to the host or the solution is preferably longer. For example, 
reciprocating rectilinear motion, rotation, vibration, or movement in a combination thereof 
or periodic movement such as movement along other closed curves, or aperiodic repetitrve 

25 movement, are preferable. 

For this purpose, the magnetic force is apphed not only from one direction, but also 
from at least two directions with the packing unit therebetween, and the magnitude, the 
direction, or the position thereof can be prefembly controlled independently. The reason for 



this is such that, if the magnetic force is applied oriy from one direction, the magnetic 
sv^>ports are moved only in one direction and applied with the magnetic force for a very 
short time, and then they are collided with the wall of the packing xmit along the direction, 
coming into a state where they are attached to or aggregated on the walL Once the 
magnetic supports come into a state where they are attached to or a^p:egated on the wall, 
the magnetic supports can not be released &om the attachment state sinq>]y by removing 
the magnetic forc3e. In such a state, it is difficult to promote collisions or enooimters with the 
hosts which are widely scattered in solution or are aggregated in a part of the solution. In 
order to separate the ms^netic supports in the attachment state to increase the chance of 
ooUisionor encounter with the host in the solution, the magnetic force is applied ina 
direction to release the attached magnetic supports, for example in the opposite direction 
with the packing xmit therebetv^een, s^;ainst the direction of the magnetic force which 
makes the magnetic siq>ports become attached, thereby enabling the magnetic siipports to 
pass throu^ the approximate center of the packing unit and be moved in the opposite 
direction. The chance of collision or enooxmter with the host is increased by repeating the 
above procedure. At this time, there are cases where the magnetic force is applied fiom 
another direction afljer removing the magnetic force which makes the magnetic sx5)ports 
become attached, or where a magnetic forcje is added without removing the magnetic force. 

Moreover, it is also possible to initially avoid or reduce the attachment of the 
magnetic supports onto the wall of the packing imit so as to increase the chance of collision 
or encoimter. For example, before the magnetic supports are attached onto the waU of the 
packing unit due to the magnetic force applied feom one direction, they are reciprocated by 
applyiz^ a magnetic force fiom a different direction from the above direction. Furthermore, 
for example, magnetic forces having similar strengths are horizontally applied from at least 
two directions at the same time so that the combined magnetic forces applied to the 
magnetic support coimterbalance each other or are reduced as httie as possible, in the 
hori2Dntal plane. Then, in the state where the magnetic supports are developed in the 
solution, the position where the magnetic force is applied is vertically reciprocated or 



rotated at the same time, so tiiat the magnetic supports are vertically reciprocated or 
rotated. 

By controlling as above, the chance of collision or encoxmter between the magnetic 
supports and the host can be increased more efl&dently. 
5 In this manner- by moving the magnetic supports relatively with respect to the 

host in the solution by the msgaetic force; by moving the magnetic supports relatively with 
respect to the host by releasing the magnetic supports fix>m the attachment state by the 
magnetic force if they are attached onto the packing unit; by moving the magnetic supports 
relatively with respect to the host by initially avoiding a condition where the magnetic 
10 supports are aggregated due to the attachment caused by the collision with the packing 
xmit; or by moving the magnetic supports relatively with respect to the host in a state where 
the magnetic supports are actively developed in the solution, the chance of collision or 
encoujiter between the m^^etic supports and the host suspended in the solution can be 
increased. 

15 Here, 'two directions" mean the directions taking orientation into consideration. If 

the orientation is difierent, the direction is also dififerent. "i^ply the magnetic force from at 
least two directions with the packing xmit therebetween" does not only mean a case where 
two directions are fadng linearly with the packing unit therebetween, but also includes a 
case where they are &cing at a certain angle with the packing imit therebetween. 

20 Moreover; it does not only mean a case where the combined magnetic forces applied to the 
respective magnetic supports counteract each other, but also includes a case where the 
combined magnetic force is limited. Furthermore, it does not only mean a case where the 
magnetic forces in the respective directions are applied at the same time, but also inchides a 
case where they are applied at diflferent times. The mg^nitudes of the magnetic forces in 

25 the respective directions are not limited to be the same. Since the magnetic force is applied 
to the packing xmit, the direction of the magnetic force is oriented to pass through the inside 
of the packing unit. The magnetic forces in the respective directions are preferabfcr related 
so as to control the m£^nitude, the direction, and the pos^^ The magnetic forces are 



preferably controlled to be applied to the paddng vinit &om many directions, so that the 
magnetic svQ)ports are moved around or distributed to develop in the solution. 

The encounter of the magnetic siq>port and the host means that the magnetic 
support and the host are in contact without perforating the host. Aocxprdingly the magnetic 
sicpport is adhered to the host or the magnetic si:9)port is made to enter the host On the 
other hand, the collision of the magnetic svQ)port with the host means that the magnetic 
support and the host are in contact with perforation of the host. Accordingly the magnetic 
support is adhered to the host or entered into the host with perforation. Therefore, in the 
introduction of the biological material by the encounter, depending on the property of the 
host, it is preferable to fedUtate the inttodviction of the biological material by electropocation 
or the Kke, that is, to have the function of perforating the host. The packing imit is 
preferably formed of for example a glass, or a plastic such as polyethylene, polypropylene, or 
acrylic resins, being transparent or semitransparent 

In order to promote the encounter, for example, the magnetic supports are 
a^regated in a certain area ia the solution in the direction of the magnetic force, to densify 
the area with more biological materials than the other areas. Such densification is effective 
in the case of a perforated host, or the case where the magnetic support enters a host for 
which perforation is not required for the magnetic support to enter according to its property. 

Aooording to the first aspect of the invention, by vising the magnetic siQ)ports, the 
biological material can be mechanically or physically introdviced without iising a vector 
such as a virus by iising the magnetic supports, so that the biological material can be 
introduced safely. Between the magnetic supports carrying the biological material and the 
host in the solution is relatively moved, not by relying on a natural encounter or collision 
with the host, but by controlling the magnetic force, to increase the nimaber of collision or 
the rate of collision between the magnetic supports and the host^ or to increase the chance of 
encounter with the host, so that the introduction of the biological material into the host can 
be promoted. Moreover, by using the magnetic supports having rigidity and mass, the 
impeUii^ force is increased and movement is facilitated in the solution, more than when 



using the biological material only, so that the chanoe of collision or encounter with the host 
is iacreased, &cilitatii^ the introduction into the host 

Moreover; since the introduction is performed by controlling the magnetic force, 
then by optimizing the manner of collision such as the magnitude, the velocity, and the 
acceleration due to the magnetic force according to the properties of the host or the 
biolc^cal material, the host can be kept from beiag broken down, and a highly densified 
area of the magnetic supports can be made, or the magnetic supports are fi:eely moved to 
the highly densified area of the host^ so as to increase the chance of encoxmter. Moreover by 
combining ia the above manners of collision, introduction having generality, variety, 
certaiaty, reliability, and eflSciency can be performed. 

A second a^ect of the present invention is an apparatus for introducing a 
biolc^cal material, wherein tJie introduction treatment xmit has- a magnetic source which 
can apply a magnetic force to the inside of the packing unit^* and a m^^etic force control 
unit whidi controls the magnetic supports to move relatively with respect to the host, by 
changLQg the relative position or the velocity between the packing xmit or the mixture 
solution and the magnetic source, or the magnetic force itself due to the m^^etic source. 

Since the movement is 'telative" the magnetic supports are relatively moved with 
respect to the host such that: the host or the mixture solution containing the host is made 
static or approximately static and the magnetic support is moved; the magnetic support is 
made static or approximately static and the mixture solution containing the host is moved; 
or the mixture solution containing the host and the magnetic support are both moved in 
different manners. If the host is a biological material such as a cell with low strength, the 
magnetic support is preferably moved. In order to avoid or reduce the collision of the 
magnetic supports onto the packing xmit, the magnetic force is applied &om at least two 
directions with the packing xmit therebetween. Since 'the position or the velocity is 
changed", xmifoim motion, accelerated motion, oscillation, rotation, and the like are 
included, '^lodty'' is not only the magnitude of the speed but includes its direction. 

The magnetic soxirce is permanent magnets or electromagnets movably arranged 
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around the packing unit^ or fi^d electromagnets arranged aioxmd the packing vmit. The 
magnetic force control unit is a magnetic force transfer imit which relativelty moves the 
magnetic source with respect to the packing imit, or a magnetic force modification imit 
which modifies the magnitude of the magnetic force of the electromagnet. The magnetic 
force transfer vmit is for e^cample - to move the magnetic soxiroe in the circumferential lateral 
surfoce direction of the packingimit or the vertical direction (inrluding nsrinatinn : the same 
applies hereunder); to move the magnetic source enahlii^ it to come closer or go away with 
respect to the packing imit; or to vertically move, rotate, or horizontally move the packing 
imitrelatively with respect to the rnagneticsoixroe. Cbriobiimtions of modification of the 
magnetic force and the movement of the position of the magnetic source allows various 
treatments to be performed on the magnetic sijpports. 

Acoordii^ to the second aspect of the present invention, by providing a magnetic 
source which can modify the relative position or velocity between the packing imit or the 
mixture solution, and the magnetic source, or the magnetic force itself the magnetic 
support and the host are controlled to move relatively therebetween, so as to increase the 
number of collision or the rate of collision between the magnetic supports and tiie host, to 
densLfy the magnetic siq)portj or to combine them both, enabltng promotion of the 
introduction of the biological material At this time, the magnetic forces of the magnetic 
sources are applied &om at least two outside directions with the packing unit therebetween 
so that the combined magnetic force applied to the magnetic si:^)port counteract each other 
to avoid being unidirectionally biased against gravity, and the time is extended until the 
magnetic supports are attached to the wall. In this case, for example, when magnetic forces 
having similar strengths are horizontally applied in the &cii^ directions with the packing 
unit therebetween, the magnetic support layer can be obtained. Furthermore, by ohangir^ 
the position of the magnetic source or the packing unit along the circumferential direction, 
the magnetic support layer is extended evenly If the layer is vertically moved in this state, 
the number of collisions, the rate of collisions, or the chance of encounters can be increased. 
A third aspect of the present invention is an apparatus for introdudi^ a biological 
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material wherein the introduction txeatment unit moves the ms^netic supports and the 
host relatively to each other in a state where a lai^ number of the magnetic supports in 
the solution contained in the packing imit are developed by the magnetic force- 
Here, "a state where a large nimiber of magnetic supports are developed by the 
magpetic force in the solution" means a state where a large nvmiber of the magnetic 
supports are spread and distributed in acertain area in the solution by receiving the 
magnetic force. This developed state includes a planar case and a three dimensional case, 
and is determined according to the distribution state of the host. The magnetic supports in 
the developed state are in suspension unless the magnetic force is moved. The magaetic 
support can be readily moved by moving the magnetic force. 

For example, in the state where the host is widely scattered in the solution, the 
lai^ number of magnetic supports are preferably developed in a planar form for being 
densified more than the surroundings so as to p artition the packing unit, and are controlled 
so as to move them in the normal direction of the developed surfoce. Moreovei; if the host is 
aggregated ia a partial area, the large number of magnetic supports are developed in the 
solution so as to have the cross-section covering the area, and are moved towards the 
direction of the area in the normal direction of the developed surfoce. In this manner; in a 
state where the lai^ nimiber of the magnetic supports are developed in the solution 
according to the distribution state of the host, the magaetic supports are moved in a 
direction to increase the chance of collision or encounter with the host along the normal 
direction of the developed surfece of the magnetic supports. 

Here, in order to realize the "developed state by the magnetic force", it is necessary 
to apply the mBgnetk: force &om at least two directions with the packing imit therebetween 
The third aspect of the present invention is to increase the nimiber of collision or 
the rate of collision, or to increase the chance of encounter of the magnetic support, by 
making relative movement between the magnetic supports and the host in a state where 
the magnetic supports are developed in the solution in the packing unit Therefore, 
attachment due to the collision with the p arlong imit is avoided, and the magnetic support 
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layer is formed. Hence the niunber of collisions, the rate of oollisioiis, or the chance of 
encoiinter with the magnetic siQ>port can be increased more widely. 

Afourth a^ect of the present invention is an apparatus for introducing a biological 
material wherein the magnetic sxjpport is a particle having a major axis and a size allowing 
entry into the host alonga major axis direction. 

Here, the magnetic siq)port is preferably magnetized or magnetizable along the 
major axis direction. Accordingly, the magnetic si;ipport can be readily controlled since it 
can be moved along the direction of the magnetic force. Moreover, if the magnetic support 
has a rotationally symmetric axis along the major axis direction, it can be readily controlled, 
since it can travel accurately in the intended direction by spinning it according to how the 
magnetic support travels. 

In the fovirth aspect of the present invention, the magnetic support has a major 
axis loi^r than the other axis and a size allowing entry into the host along the major axis 
direction, and can carry the biological material. Therefore it readily enters the host. 

Afifth aspect of the present invention is an apparatus for introducing a biological 
material wherein an introduction adjuvant for helping to introduce the biological material 
into the host is contained in the paddi^ unit together with the biological material. Here, 
"introduction adjuvant " includes for example- a calciimi chloride which increases the ceU 
membrane flmdity when a bacterial gene is introdiiced so as to focilitate the taking in of the 
plasmid; PEG (polyethylene ^ooD which protoplastizes the animal ceU membrane; 
chitinase which dissolves the cell walL' and an aggregation accelerant which promotes the 
aggregation of the hosts themselves since the introduction is promoted by increasing the 
chance of contact with the host. The aggregation accelerant includes for example a bivalent 
metal ion and the like which forms crosslinks between cells. 

In the fifth aspect of the present invention, the introduction adjuvant for helping to 
introduce the biological material into the host is contained in the pa c king unit together with 
the biological material According, by fodlitating tiie host to take in tiie biological material, 
or by increasing the chance of contact of the magnetic si?)port with the host, the 
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introduction efficiency can be increased. 

A sixth aspect to ihe present invention is an apparatus for introducing a biological 
material wherein the magnetic support has a carrier for canying the biological material 

Here, ihe carrier ei^ands the area to contact with tiie biological material or the 
introduction adjuvant^ enabling it to cany the biolc^cal material in a readily separable 
manner when the ms^etic support enters the host^ or comes into contact with or is 
adhered to the host by phj^cal adsorption, electrical interaction, or the like. For example, it 
includes concavities, perforations, or gaps provided in the ms^etic support itself or other 
material or a support which is fixed or bonded to the magnetic support An example of the 
concavities includes an annular groove provided along the drcumferenoe of the 
approximate center on the side feice of the magnetic support. An example of perforations 
includes a magnetic material canying a porous material by coating or the like if the 
magnetic material itself is prcx^essed, or a porous gel materials such as a cellulose gel, 
hydroxy-apatite, and the Kke carrying the magnetic material and/or the biological material 
The carrier may be provided inside of the magnetic support 

An example of other material or a support which is fixed or bonded to the 
magnetic support includes one or more filamentary supports. The biological material is 
carried by the filamentary supports. The filamentary supports are used, for example in a 
case where the host is not stroi^, sudi as a case where the cell membrane is weak, 
reqxiiring introduction under a mild condition, in a case of a dilute fiu^us liquid, or in a case 
where handling is fecLlitated if they are aggregated. In this case, the respective filamentaiy 
supports are not introduced into the host, but a load is applied to the hosts entwined with 
the filamentary supports by controlling by a magnet^ so that the force is applied as a line, 
and not as a point; to reduce damage. Since this case does not require processing of the 
magnetic support directly manufiicture is facilitated. 

Moreovei; a composite particle having a plurality of magnetic particles connected 
may be used as the ms^etic support. A gap or necking of the jimction between magnetic 
particles may be used as the carrier. 
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In the sixth aspect of the present invention, by piovidii^ the carrier for the 
magnetic siQ)port» the capacity of carryii^ the biological material and the like can be 
increased and.the introduction can be reliably performed. 

A seventh aspect of the present invention is an apparatus for introducing a 
biological material wherein in the magnetic support, both ends or one end along the major 
axis are formed in a tapered shape. According, the magnetic support can readily enter the 
host. In the seventh aspect of the present invention, the opposite ends or one end along the 
major axis of the magnetic support are formed in the tapered shape. Therefore, it is 
possible to &cilitate entry into the host such as a cell having a hard cell wall or a oeU 
membrane which is not sur&^oe treated by the introduction adjuvant^ and to enter reliably. 

An eighth aspect of the present invention is an apparatus for introducing a 
biological material wherein the introduction treatment vmit perfomis introduction control 
based on the properties, the amoimt or the density of the host the biological material, or 
the magnetic support. 

Here, the properties include physical properties, biological properties, and 
chemical properties. The physical properties include for example, strength, sizse, shape, 
mass, susceptibility, and the like. The biological properties include environmental 
conditions such as optamxim temperature and the like. The chemical properties include 
properties of the host or the biological material with respect to add or alkali, and toxicity 
with respect to metals, and the like. Whether or not the magnetic supjK^it readily enters by 
sur&ce treatment, is included in the physical properties. For example, the momentum of 
the magnetic support to ooUide with the host is reduced with respect to a host having low 
strength, so as to avoid brealdng down the host due to collision or enooimter witii each other. 
Moreover, with respect to a host havii^ strength such as a plant cell with a cell wall, the 
momentum of the magnetic support to be collided with the host is increased to apply a force 
to pierce the cell wall These data on the properties, the amount, and the density are input 
into an iiq)ut device provided for the apparatus, so as to process them through an 
information processor which is connected to the apparatus for introducing a biological 
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materia], and thereby oontrol the magnetic force including the optimum magnetic soiuoe. 

In the ei^th aspect of the present invention, since the introduction is controlled 
based on the properties, the amoimt, or the density of the host, the biological material, or 
the ms^etic support^ introduction treatment having variety and generahty can be 
performed in an cptimimi way for various hosts and various biolc^cal materials. 

Aninth aspect of the present invention is an apparatus for introducing a biological 
material wherein the packing imit has a hqviid passage through which the mixture solution 
can pass, and has a pressure adjuster which draws and discharges the solution by 
adjusting tlie pressure in the liquid passage, as the magnetic force control unit. 

Here, a storage imit which can store the solution may be provided on the packing 
unit in addition to the liquid passage. The liquid passage or the whole of the packing unit 
may be detachably attached to the nozzle of the pressure adjuster. 

In the app aratus for uitroducing a biolc^cal material according to the ninth aspect 
of the present iavention, a liquid passage through which the mixture solution can pass, is 
provided in the packing unit. Therefore, by drawing and dischar^pbag the solution, the 
mixture solution can be readily pu* into the packing unit or dischai^ed. Moreovei; by 
caui^g various relative motions between the host contained in the mixture solution which 
is mixed by the drawing and dischaigiug motion, and the magnetic support which is moved 
by the magnetic source, the chance of collision or encoimter can be increased. 

A tenth aspect of the present invention is an apparatus for introducing a biological 
material provided with a transfer mechani^n which enables relative movement between 
the packing wait and the position of the introduction treatment where the introduction 
treatment tmit can perform the introduction treatment with respect to the packing vuiit 
Here, the portion of the introduction treatment is for example a position where the 
magnetic soim^e is dose thereto. The movement by the transfer mechanism, and the 
movement of the magnetic soiuxe or the packing unit for the introduction treatment by the 
introduction treatment imit are generally dijQferent^ but may be performed using a common 
mechanism. 
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In the tenth aspect of the present invention, the transfer mechanism which 
enables relative movement of the packing vmit between the positions of the introduction 
treatment where the introduction treatment unit can perform the introduction treatment 
with respect to tiie packing imit is provided. Therefore, it is not necessary to provide an 
apparatus required to perEbrm the intixxiuction treatment^ fer example the magnetic source, 
close to the respective packing imits. It is sufficient to move the packing imit to the position 
where the apparatus required to perform the introduction treatment, for example the 
magnetic source, is used, only when performing the introduction treatment. Therefore, it is 
sufficient to provide a small number of x)ositions of the introduction treatment for a large 
number of packing tmits, thus enablix^ simplification of the apparatus structure and a 
reduction in manufecturing cost. Moreover, since it is not necessary to provide the 
magnetic soiiioe dose to the respective packing xmits, the apparatus structure can be 
integrated and manx:G&ctured in a compact size. Furthermore, by prepariDg the positioiis of 
the introduction treatment so as to have a magnetic soxm^e which appHes various magnetic 
forces according to purpose, various introduction treatments can be performed for one 
packing xmit> and hence the variety and generality are high* Moreover, various treatments 
including the introduction treatment can be standardized and automatically performed 
using the packing unit. 

An eleventh aspect of the present invention is an apparatus for introducing a 
biological material wherein the magnetic source comprises a plurality of electromagnets 
provided aroxmd the packing imit^ and the magnetic forc5e control unit electrically modifies 
the magnitude of the magnetic force of the electromagnets. The magnetic support is moved 
toward the larger magnetic force imtil the magnitude of the magnetic force is modified at a 
certain distance, and then it is inoved in the opposite direction. By controlling to repeat this 
process, the diance of collision or encounter of the magnetic support with the host can be 
promoted. In this case, if the respective pair of electromagnets of the magnetic source are 
arranged to face each other arovmd the packing imit with the packing imit therebetween 
for example, and are controlled so as to switch the magnetic force, the magnetic support can 
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be readily iecq)icx^ted in the solution and the ms^etic supports can be moved aioimd for 
a long time extensively. 

In the eleventh, aspect of the present invention, since the plurality of 
electromagnets serving as the magnetic soiiroe are arranged aroimd the packing tmit and 
the introduction treatment is performed oniy by controlling the ms^mtude of the m^^etic 
force, it is not necessary to provide a mechanically movable part^ thvis simplifying the 
structure and elongating the life of the apparatus. 

A twelfth aspect of the present invention is an apparatus for iatrodudng a 
biolc^cal material having a phiraHty of permanent magnet blocks or electromagnets 
serving as the magnetic source which are movably provided around the packing unit, and 
the magnetic force control unit moves the magnetic sources with respect to the packing vinit 
The m£^etic sources are moved for example, to come dosei; away, vertically or in the 
drcuroferential direction with respect to the packing unit At this time, by providing the 
respective pairs to feoe each other with the packing imits therebetween and making the 
magnetic source closer and apart^ periodic movement such as reciprocation become readily 
possible so that the magnetic supports can be moved aroimd for a long time extensively. 

In the twelfth aspect of the present invention, the plurality of permanent magnet 
blocks or electromagnets serving as the magnetic source are movably provided aroimd the 
packing unit, and the ms^etic source is made doser and apart, so that various complex 
movements such as oscillation, accelerated motion, or the like can be produced. 

A thirteenth aspect of the present invention is an apparatus for introducing a 
biological material wherein the magnetic source is an annular magnet having 
predetermined magnetic poles which are arranged around the packing unit in a circular 
tubular shape, and the magnetic force control unit has* a ms^netic source transfer unit 
which enables movement of the magnetic source along the radial direction, axial direction, 
and the circumferential direction of the packing unit; or a p addng unit transfer unit which 
enables movement of the packing ixnif or a mixture solution transfer unit which moves the 
mixture solution. 
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The "mixture solution transfer unit which moves its mixture solution" is to move 
the mixture solution within the packing unit. If there is a liquid pass£^, it corresponds to 
the pressure adjuster which can draw and dischai^ the mixture solution. The axis of the 
aimular magnet is preferably movable approximately ooaxiaUy, in parallel, or inclined with 
respect to the axis of the packing unit The magnetic poles are preferably distributed 
approximately evenly in as wide a range as possible along the torus so that the magnetic 
forces can be appHed fix)m many directions as the "predetermined magnetic poles". 
Accordingly, the magnetic supports can be distributed to divide the packing imit into upper 
and lower parts in a layered planar form. Tlierefcre, by moving the layer vertically, the 
chance of widely encoimterii^ witii the host in the solution is ftirther increased. 

In the thirteenth aspect of the present invention, the annular magnet aroimd the 
packing imit is used so as to readily apply the magnetic forces to the packir^ unit fix>m 
many directions, so that the magnetic supports are developed in hi^er density in a planar 
shape than in other areas so as to approximately partition the packing unit inside the 
packing imit and be moved in a predetermined direction, thus increasing the chance of 
collision or encoimter of the magnetic support with the host. Moreover, since the number of 
magnets is only one, the apparatus structure or the stipport structure is simplified. 

Afourteenth aspect of the present invention is an apparatus for introducing a 
biological material wherein a plurality of the packing imits are arranged along a horizontal 
line, and the introduction treatment unit has- two linear magnetic soiirces provided with 
the packing unit therebetween, along the horizontal line, and having magnetic poles 
provided respectively in positions corresponding to the respective packing imits» and a 
magnetic force control tmit which enables relative movement between the magnetic 
sxipports and the host by changing the relative position between the packing imit or the 
nuxture solution and the linear magnetic sources, or changing the magnetic force itself due 
to the hnear magnetic sources. 

Here, "changing the relative position between the packing imit or the mixture 
solution and the linear magnetic sources" means for exan^Ie, to move the linear magnetic 
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souioes dosei; away, vertically, or horizontally with respect to the packing unit or the 
mixture solution. Alternatively, it means to move the packing xmitdosei; away, or vertica% 
or horizontally with respect to the linear magnetic sources, to rotate the respective packing 
units about their axes, or to move the mixture solution with respect to the packing vmit. 
Aooordingity; the direction of the magnetic forces of the linear magnetic soxmjes can be 
controlled to apply from various directions, so that the number of collisions or the rate of 
collision or the chance of enooimter can be increased. 

In the fourteenth aspect of the present invention, a plurality of packing units are 
arranged in parallel in a horizontal line, and the magnetic sources in the horizontal line are 
arranged with the packing xmits therebetween, along the lines of the packing imits. 
Therefore, the apparatus structure can be simplified and the introduction treatment can be 
integrally performed, so that the introduction treatment can be fiirther eflEectively 
performed. 

Afifteenth aspect of the present invention is an apparatus for introducing a 
biological material wherein the linear magnetic source has two linear support bodies 
provided on opposite sides with the arrayed packing units therebetween, along the 
horizontal line, and a pltiraKty of permanent magnets or electromagnets arranged at 
intervals and positions corresponding to the respective packing imits, in the linear support 
bodies. 

The permanent magaet or the electromagnet may be formed by bendii^ into 
semiannular shapes around half portions of the packing unit respectively so as to apply the 
magnetic forces fix)m many directions. 

In the fifteenth aspect of the present invention, the linear ms^etic sources are 
arranged at intervals and positions corresponding to the packing imits arranged in the 
linear support bodies. Therefore, the permanent magnets or the electromagnets are 
arranged for each of the packing units, thus simplifying the structure and fodlitating the 
treatment 

A sixteenth aspect of the present invention is an apparatus for introducing a 
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biological material wherein each of the packing units has a liquid passagie throu^ which a 
roixture solution can pass, andapiessure adj\:ister which draws and dischai^s the 
solution by adjiistir^ the pressure in the liquid passage. 

Li the sixteenth aspect of the present invention, each packing imit has a liqtiid 
passage through which the mixture solution can pass. Therefore, the drawing and 
dischaT^ng of the solution enables relative movement between the host and the m^^etic 
support, increasing the number of collisions or the rate of collisions, or increasing the chance 
of encounter. 

Aseventeenth aspect of the present invention is an apparatus for introducing a 
biological material wherein the introduction treatment unit has a magnetic separation unit 
whereby hosts having the magnetic support introdxioed thereinto or adhered thereto, are 
attached to the inner wall of the packing imit and separated from the mixture solution in 
the packing imit, by controlling the magnetic force applied to the inside of the packing unit 

In order to separate the unused magnetic supports which have not entered into or 
been adhered to the host, &om in the mixture separated by the magnetic force of the 
magnetic separation imit, it is preferably that a filter having a pore size between the host 
size and the magnetic siipport size is provided to partition a predetermined part in the 
liquid passage, or that a holder having the filter is detachably attached to the tip end of the 
Hquid passage. By doing this, afler introdiictLon treatment, the solution suspended with 
only the mixture separated by the attachment to the inner wall of the packii^ vinit by the 
magnetic force is drawn and discharged with respect to the packing imit throiigh the filter, 
so that only the host having the magnetic support entered thereinto or adhered thereto is 
extracted in the filter, and the uniised magnetic supports are removed. Alternatively, the 
situation may be such that, after introduction treatment, before the separation by the 
magnetic force, the mixture solution is drawn and discharged with respect to the packing 
unit through the filter, so that the imused magnetic supports are removed, and then the 
separation is performed by the magnetic force so as to extract the host having the magnetic 
support entered thereinto or adhered thereto. 
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The liquid passagie may be a tq) detachably provided on the nozzle of the pressure 
adjuster. The filter may be provided on the tip. Moreovei; in order to remove various other 
impuiities except for the target host, one or more filters having diflferent pore sizes may be 
provided in the Hquid passage or the holder. Furthermore, a plurality of holders provided 
5 with the filters may be detachable in multi'Stages with respect to tiie hquid passage. 
Aooordingly, only the host having the magaetic support entered thereinto or adhered 
thereto, that is the host having the target biological material introduced can be separated, 
so that imnecessary substances such as the imused magnetic supports, impurities, arid the 
like are removed, so that reliable introduction of the biological material can be pierformed. 

10 In the seventeenth aspect of the present invention, regarding the magnetic 

separation unit by which the hosts having the magnetic support introduced thereinto or 
adhered thereto are attached to the irmer wall of tiie packing imit to be separated by the 
magaetic force, the magnetic source which is used for increasii^ the chance of ooULsion or 
encoimter of the magnetic support with the host may be used, so that the structure can be 

1 5 simplified and the separation can be efficiently and quickly performed. 

An ei^teenth aspect of the present invention is an apparatus for inttxxiucing a 
biological material wherein the magnetic separation unit has a separation instruction unit 
which instructs the magnetic force transfer imit to apply only a imidirectional magnetic 
force towards the waU of the packing imit 

20 Aooordingly, the magnetic support collides with the inner wall of the packing unit 

along the above direction, and is attached thereto. 

In the eighteenth aspect of the present invention, it is sufficient if the magnetic 
separation xmit merely instructs the magnetic soim^e to apply only the imidirectional 
magnetic force towards the wall of the packing unit. Hence the structure can be simplified 

25 and the manufocturing cost can be reduced. 

Anineteenth aspect of the present invention is a method of introducing a biological 
material comprising- a mixing step wherein a lai^ number of ms^etic supports carrying 
a biological material to be introduced into a host such as a cell, and a lai^ number of the 
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hosts are mixed in a solutaon to make a mixture solution, which is then p ut into one or more 
packing vmitsl and an intixxluctLon treatment step wherein the m£^Detic supports are 
moved relatively with respect to the host by oontroUing a magnetic force applied to the 
packing unit, so as to introduce the biological material into the host. 

In the present invention, by moviog the magnetic supports around with respect to 
the host in the solution in the packing imit by the magnetic force, the chance of coUision or 
encounter with the host suspended or contained in the solution can be increased. 
Accordin^y, the introduction of the biological material into the host is promoted. At this 
time, if the magnetic force is applied fiom at least two directions with the packii^ imit 
therebetween, the movement of the magnetic supports is not finished by being attached to 
the packing iinit in the solution only by a unidirectional motion by the magnetic force 
applied, but can be oontiniied in the solution for a loi^ time by releasing the attachment 
state, or by initially avoiding the attachment state. 

According to the nineteenth aspect of the present invention, similar effects to those 
described in the first aspect of the present invention are demonstrated. 

Atwentieth aspect of the present invention is a method of introducing a biological 
material wherein in the introduction treatment step, the magnetic siipports and the host 
are moved relatively to each other by changing the relative position or the velocity between 
the packing unit or the nuxture solution and the magnetic field, or the magnetic force itself 

Here, by applying the magnetic force fcom at least two directions with the packing 
xmit therebetween, from the outside of the packing unit into the packing imit, the magnetic 
supports are moved around in the solution avoiding a situation such as where the magnetic 
siq^ports are attached onto the packing xmit or precipitated at the bottom of the packing 
unit by a tmidirectional magnetic force, so that the chance of collision or enooimter with the 
host can be increased and the introduction of the biological material into the host can be 
promoted. 

Acoordii^ to the twentieth aspect of the present invention, similar effects to those 
described in the second aspect of the present invention are demonstrated. 
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Atwenty-first aspect of the present invention is a method of introducing a 
biological material wherein in the introduction treatment step, the m^^etic supports and 
the host are moved relatively to each other in a state where a large number of the magnetic 
supports in the solution contained in the packing unit are developed in solution by the 
magnetic force. 

According to the twenty^first aspect of the present invention, similar effects to 
those described in the third aspect of the present invention are demonstrated. 

A twenty-second aspect to the present invention is a method of introducing a 
biobgical material wherein, the introduction treatment step iises a magnetic support being 
a particle having one major axis, and having a size allowing entry into a host along the 
major axis direction, and moves the magnetic support to enter the host so as to introduce 
the biological materiaL Here, the ro^^etic support is magnetized or formed to be easily 
magnetizable, in the major axis direction, so as to enable the magnetic support to be moved 
in the major axis di3nectiQn, thus fedlitating the entry using the magnetic force. 

According to the twenty-second aspect of the present invention, similar effects to 
those described in the fourth aspect of the present invention are demonstrated. 

A twenty-third aspect of the present invention is a method of introducing a 
biological material comprising a separation step after the introduction treatment step 
wherein the host having the magnetic support entered thereinto or adhered thereto is 
attached to the inner wall of the paddng unit and separated, by oontrolting the magnetic 
force inside of the paddng imit. 

After the separation step, a removal step wherein imused magnetic supports 
which did not enter into or were not adhered to the host and the like are removed fix>m 
among the substances attached to the iimer wall of the packing umt. The removal step is 
performed for example, by using a filter provided so as to partition the liquid passage 
provided in the packing xmit, or a holder having a filter detachably attached to the Kquid 
passage, and drawing and discharging a solution with respect to the packing unit and the 
like throu^ the filter. Moreovei; a removal step may be provided for removing one or more 
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other impiuities except for the magnetic support using one or more types of filter. 
Aocnrdingly, an even more reliable introduction treatment can be performed. 

Furthermore, according to the twentyihird aspect of the present invention, 
similar eflfects to those described in the seventeenth aspect of the present invention are 
demonstrated. 

Atwenty-fourtii aspect of the present invention is a method of introducing a 
biological material wherein the mixing step mixes the magnetic support and the biological 
material to be introduced into the host in solution, so that the biological material is carried 
in the m^netic siq>port. 

According to the twenty-fourth aspect of the present invention, by mixing the 
magnetic support and the biological material to be introduced into the host in solution, the 
biological material can be readily carried, mflldng it suitable for automating the treatment 

Atwentyfifth aspect of the present invention is a method of introdudr^ a 
biological material comprising a culturing step wherein after the separation step, in a state 
where the separated hosts having the magnetic support adhered thereto or entered 
thereinto are pooled in the packing irnit^ the hosts are relatively naoved to inside a container 
containing a meditim and the hosts are pooled in the container and cultured. 

According to the twenty *fifth aspect of the present invention, in the state where 
the host having the magnetic support entered thereinto or adhered thereto are separated 
by using the magnetic force and attached to the inner wall of the paddi^unit, the hostcan 
be relatively moved to inside into the container containing the mediimi and put into the 
medium, enabling the culturing treatment to be performed automatically. Therefore the 
treatment can be standardized and automatically performed. 

A twenty-sixth aspect of the present invention is a method of introducing a 
biological material wherein in the ctdturing step, the hosts having the magnetic support 
entered thereinto or adhered thereto are separated and removed from the cultured hosts by 
applying a magnetic force, so as to exdusively obtain purely cultured hosts. 

According to the twenty-sixth aspect of the present invention, the host having tiae 
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magnetic support entered thereinto or adhered thereto, and which has initially been placed 
into the medium in the culturing step, can be cultured while initially being separated fiom 
the cultured host by applying the magnetic fi>roe. Therefore, the host having the magnetic 
support entered thereinto or adhered thereto can be readily removed. Accordingly, a purely 
cultured cultured host can be exdusivety^ obtained easily and reliably. Therefore, the 
negative affect to the oi^anism due to the presence of the magnetic support in the cell can 
be removed. 

Atwenly-seventh aspect of the present invention is a method of introducing a 
biolc^cal material comprising* an introduction step for making magnetic supports canying 
the biological material to be introduced into tiie host ooUide or encounter with the host 
using a magnetic force so as to introduce the biological material into the host a separation 
step for separating the host having the magnetic support entered thereinto or adhered 
thereto; a culturing step for culturing the host using the sep arated host and an extraction 
step for extracting a purely cultured host by separating the host which initially has the 
magnetic support entered thereinto or adhered thereto, &Gm inside the cultured host Here, 
the separation step preferably includes an impurities removal step for removing unused 
magnetic supports which were not adhered to or did not enter into the host^ and foreign 
matter or impurities using a filter. 

Aooording to the twenty-seventh aspect of the present invention, the treatment 
fit)m the introduction of the biological material into the host^ to the culture of the host 
having the biological material introduced thereinto can be automatically performed and 
standardized. 

Atwenty-eighth aspect of the present invention is a magnetic supi)ort for 
introducing a biological material, which is a magnetic support in a particle shape having 
one major axis, and capable of carrying biological material to be introduced into a host such 
as a cell, and having a size allowing entry into the host along the major axis direction. Here, 
the m^netic support is preferably magnetized or formed so as to be easily magnetized, 
along the major axis direction, and is formed so as to be readily moved along the major axis 
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diiection under oontrol. Moreover, tiie magnetic support preferably has an axial ssrmmetay 
in relation to the major axis. 

Aooording to the twenty-eighth aspect of the present invention, similar effects to 
those described in the fourth aspect of the present invention are demonstrated. 

Atwenty-ninth aspect to the present invention is a magnetic support for 
inttxxiucii^ a biological material wherein the magnetic siq^port has a carrier fer carrying 
the biological material. Here, the carrier is as described in the sixth aspect to the present 
invention. 

Aooording to the twenty-ninth aspect of the present invention, similar e£Eects to 
those described in the sixth aspect of the present invention are demonstrated. 

Athirtifith aspect of the present invention is a magnetic support for introducing a 
biological material wherein in the magnetic support, both ends or one end along a major 
axis are formed in a tapered shape. The degree of tapering is as described in the seventh 
aspect of the present invention. 

Furthermore, according to the thirtieth aspect of the present invention, similar 
efiEects to those described in the seventh aspect of the present invention ate demonstrated. 

The thirty-first aspect of the present invention is an apparatus for introducing a 
biological material comprising; one or more packing xmits containing a mixture solution 
having a large ntimber of magnetic supports canying a biological material to be introduced 
into a host such as a cell, and a large number of the hosts in a solution! an introduction 
treatment unit which moves the magnetic si:?>ports relatively with respect to the hosts in 
the solution by controlling a magnetic foroe apphed to inside the paddng imit so as to 
introduce the biological material into the host; and a perforation treatment imit which 
perforates the host 

Here, "perforate the hostf' means to make holes in a boundary region in contact 
with the outside of the host so as to Volitate entry of the magnetic support on the outside 
into the host, or &cilitate introduction of the biological material into the host. The 
perforation treatment is normally performed on the host in the packing unit, however it is 
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not limited tx> this. Ifthehostisac^Il, theboundaiyisaoeUmembi^eoraoeUwaR In 
order to make holes in the boimdary of the host^ for example a perforation force is appHed to 
the host by electrical discharge or nltrasoimd cavitation. 'Perforation force" means a 
certain force for making holes on the boundary of the host. In the case of electrical 
discharge, if the host is a cell, for example, a high voltage of about several thousands of 
volts/cm is applied at several dozens of raicrosecond pulses. Moreovei; in the case where the 
magnitude of the voltage is modified, the pulse width may be modified according thereto. If 
the other conditions are the same, then in the case of low voltage, the pulse width is 
elongated more than for the case ofahi^ voltage. In the case of hi^ voltage, the pulse 
width is shortened more than for the case of a low voltage. Accordingly, small holes are 
made on the boimdary of the host^ for example the cell membrane for a short time, 
^tdhtating making the ms^etic support enter into or be introduced to the biological 
material According to the present iavention, even if the magnetic supports are not collided 
with the host, the entry efficiency of the magnetic support or the introduction efficiency of 
the biological material to the host may be increased by increasing the chance of enooxmters 
of the magnetic support and the host. Therefore, control is focilitated. According to the 
present invention, the objective of the electrqporation for perforating the cell membrane to 
introduce only the gene on the outside, is expanded to general hosts, and the boimdary of 
the host on the outside is perforated so that the magnetic support can enter the host 

A thirty-second aspect of the present invention is an apparatus for introducing a 
biological material wherein the introduction treatment imit comprises^ a magnetic sotiroe 
which can apply a magnetic force to the inside of the packing imit; and a magnetic force 
control imit which controls relative movement between the ms^etic supports and the host 
by changiag the relative position or the velocity between the packing unit or the mixture 
solution and the magnetic field, or the magnetic force itself due to the magnetic source. 

According to the thirty-second aspect of the present invention, similar effects to 
those described in the second aspect of the present invention are demonstrated* 

Athirly-third aspect of the present invention is an apparatus for introducing a 
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biological material wherein the peifbration treatment unit has- a perforation force source 
which can apply a i^erforation force by an electric field, or ultrasound, or the like; and a 
perforation force source control unit whicJi controls the perforation force source. 

The perforation force source is preferably provided within the packing urdt. 
Accordingly, the perforation force can be reliably and eflSdentiy applied to the host in the 
packing unit 

If the packing unit has a liquid passage throu^ which the mixture solution can 
pass and the magn e tic force control xmit has a pressure adjiister which draws and 
dischai^es tiie solution by adjusting the pressure within the liquid passagie, the perforation 
treatment imit is provided with a perforation force source so as to perform the perforation 
treatment on the host passing throi:^ the Hquid passage. 

Accordingly, since the treatment by the perforation treatment unit is performed in 
the liquid passage, the perforation treatment can be applied efBdentiy to the host passing 
throu^ the liquid passage. 

Moreover, if the packing xmit has a storage unit which stores a mixture solution, 
the perforation treatment unit may be provided with a perforation force source so as to 
perform perforation treatment on the host in the mixture solution stored in the storage unit 
Accordingly, since in this case the perforation treatment is performed at the position where 
the introduction treatment is performed, the entrance of the magnetic support into the 
perforated host is further readily controlled. 

The perforation force source is not necessarily provided on the packing imit, but 
may be provided in an external container for containing the solution to be supplied to the 
packing vmit Accordingly, the perforated host can be drawn into the packir^ imit 

The control of the perforation force source includes the control of the type, the 
position, the size, the direction, or the time of the perforation force. 

If electrical discharge is used as the perforation force, the perforation force soxaroe is 
a pair of dicing electrodes. If ultrasound is used as the perforation force, the perforation 
force source is an ultrasonic oscillator Theselectionofthe voltage to be apphed to the 
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electrode, and the selectLon of positive electrodes and negative electrodes may be changed 
according to the size, the position, or the operating direction of the biological material to be 
introduced, the host, or the magnetic support, or according to the position or tiie control of 
the magnetic source, or according to the time. Accordingly, the entrance of the magnetic 
support or tiie introduction of the biological material can be fiirther eflBciently performed. 
Moreover; the arrangement may be such that both of electrical discharge and ultrasoimd as 
the perforation force source are applied to the host in the packing tmit. For that purpose, a 
plurality of types of perforation force sources are provided. 

A thirty-fourth aspect of Hie present invention is an apparatus for introducing a 
biological material wherein the perforation force source control xmit controls the perforataon 
force source based on the properties, the amoimt, or the density of the host, the biological 
material, or the m^^etic support. 

Acoordii^y by applying the optimimi perforation force to the host or the like beii^ 
used, the biological material can be reliably and efl&dently iatroduoed. 

Here, 'properties" includes the physical properties such as the size, the hardness, 
and the shape, and the chemical properties such as molecular structure, repairability, and 
the like. 

A thirty-fiffih aspect of the present invention is an apparatus for introducing a 
biological material wherein the perforation force control imit or the magaeiic force control 
unit control the introduction treatment and the perforation treatment so as to be executed 
in spatial or time association with each other. 

The reason for this is that the perforation provided in the host by the perforation 
treatment imit may be repaired in a short time, thus requiring consideration of the 
respective positions and the times to perform the perforation treatment and the 
introduction treatment. 

Moreovei; if the magnetic force is controlled to match the direction of the 
perforation treatment of the host so as to move the magnetic support in the direction of the 
host, the m^^etic support readily enter the host 
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A thirty-sixtii aspect of the present inventioii is an apparatus for introdxicing a 
biological material wherein the packing unit has a hquid passage through which the 
mixture solution can pass, and has a pressure adjuster which draws and dischai^s the 
solution by adjusting the pressure in the liquid passage, as the magnetic force control vmit. 
Aooordii^ to the thirty-sixth aspect of the present invention, simil a r e£Eects to those 
described in the ninth aspect of the present invention are demonstrated 

A thirty-seventh aspect of the present invention is a method of introducing a 
biological material con:q)rising' a mixing step wherein a lai^ nimaber of magnetic siipports 
carrying a biological material to be introduced into a host such as a cell, and a large ntunber 
of the hosts are mixed in a solution to make a mixture solution, which is then put into one 
or more packing units; a perforation treatment step which perforates the host such as a celt 
and an introdiiction treatment step wherein the magnetic supports are moved relatively 
with respect to the host by controlling a magnetic force applied to the packing imit> so as to 
introduce the biological material into the host. 

Here, the perforation treatment step is not necessarily performed afijer the mixing 
step , and may be performed in an external container before the mixing step , so as to mix 
the perforated host 

Moreover, if the perforation treatment step comes after the mixing step, the 
perforation treatment is performed within the packing unit. 

According to the thirty-seventh aspect of present invention, even if the magnetic 
supports are not collided with the host, the entry efficiency of the magnetic support or the 
introdxiction efficiency of the biological material to the host, may be increased by increasing 
the chance of encounter of the magnetic support and the host. Therefore, the control is 
fodUtated. 

Athirty-eighth aspect of the present invention is a method of introducing a 
biological material wherein the perforation treatment step is performed by applying a 
perforation force such as an electric field, ultrasound, or the like. 

According to the thirty-ei^th aspect of the present invention, similar eflGects to 
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those described in the thirty-tihird aspect of the present invention are demonstrated. 

A thirty-ninth aspect of the present invention is a method of introducing a 
biological material whereia the perforation treatment step applies the perforation force 
based on the properties, the amovmt^ or the density of the host^ the biological material, or 
5 the ms^etic support. 

Aooordir^ to the thirty-ninth aspect of the present invention, similar effects to 
those described ia the thirty- fourth aspect of the present invention are demonstrated. 

Afortieth aspect of the present invention is a method of introducing a biological 
material wherein the perforation treatment step and the introduction treatment step are 
10 executed in spatial or time association with each other. 

According to the fortieth aspect of the present iavention, similar effects to those 
described in the thirty-fifth aspect of the present invention are demonstrated. 

The forty-first aspect of the present invention is an apparatus for introdudi^ a 
biological material which fiirther comprises' a transfer device which separates and 
15 transfers a solution containing a host which has been treated by the introduction treatment 
imit, and has the magnetic support adhered thereto or entered thereinto, or a host having 
the magnetic support adhered thereto or entered thereinto; a container containing a 
medium; and a separation xmit for separating the magnetic support contained in the 
container and the host having the magnetic support adhered thereto or entered thereinto. 
20 Here, the separation unit may be for example, a magnetic force imit comprising a 

permanent magnet or an electromagnet provided at the bottom or the lateral side of a 
container formed of a resrn or the like which does not shield the magnetic field; or may be a 
dispenser which has a Hquid passage, a pressure adjustment device which adjust the 
pressure within the Uquid passage, and a magnetic force device which can apply the 
25 magnetic force ftom the outside of the liquid passage into the Hquid passage, with a transfer 
fimction. In the case of a container comprising a plurality of holes, the permanent magnet 
or the electromagnet is preferably provided for each of the respective holes. 

According to the forty-first aspect of the present invention, by applying the 
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magnetic force to the oontainer oontaiiurigtlie medium, the host having the magnetic 
support adhered thereto or entered thereinto can be separated, so that the purely cultured 
host with a simple structure can be easily obtained. Hence safe and reliable introduction 
treatment can be performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a main part of an apparatus for introdudi^ a biological material 
according to a first embodiment of the present invention. 

FIG. 2 is an e^lanatoiy diagram of the operation of the apparatus for introducing 
a biological material according to the first embodiment of the present invention. 

FIG. 3 is a plan view and an elevational view of a biological material iatroduction 
system according to a second embodiment of the present invention. 

FIG. 4 shows the apparatus for introducing a biological material according to the 
second embodiment of the present invention. 

FIG. 5 is a plan view showing another example of an apparatus for introducing a 
biological material according to the second embodiment of the present invention. 

FIG. 6 shows a nozzle head according to the second embodiment of the present 
invention. 

FIG. 7 is an explanatory diagram of the operation of the apparatus for introdudng 
a biological material acoordii^ to the second embodiment of the present invention. 

FIG. 8 is an explanatory diagram of the operation of the apparatus for introducing 
a biological material according to the second embodiment of the present invention. 

FIG. 9 is an explanatory di^^ram of the operation of the apparatus for introducing 
a biological material accordii^ to the second embodiment of the present invention. 

FIG. 10 is an enlarged diagram of magnetic supports according to a third 
embodiment of the present invention. 

FIG. 11 is a flowchart lowing an exan^le of gene therapy according to a fourth 
embodiment of the present invention. 
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FIG. 12 is a flowchart showii^ an example of protein synth^ 
embodiment of the present invention. 

FIG. 13 is a cross'sectional view showing a maia part of an apparatus for 
iatroducing a biological material aocordiag to a siscth embodiment of the present invention. 

FIG. 14 is a cross-sectional view showing another example of the main part of the 
apparatus for introducing a biological material according to the sixth embodiment of the 
present invention. 

FIG. 15 shows a separation unit of an apparatus for introdudi]^ a biological 
material aocordii^ to a seventh embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Aq apparatus for introducing a biolc^cal material and a method of introducing a 
biological material according to embodiments of the present invention are described based 
on the drawings. The description of the present embodiments should not be considered as 
limiting the present invention unless particularly specified. 

FIG. 1 shows a main part of an apparatus 1 for introdudng a biological material 
according to a first embodiment. 

The apparatus 1 for introducing a biological material has an approximately 
circular tubxilartqp 3 wMch is detachably attached to a n^^ an aimular permanent 
magnet4, andainagneticsoiircetrazisferuiut(notshowri). The tip 3 corresponds to one 
packing imit in which a mixture solution containing a large nxmiber of magnetic supports 
carrying a biological material to be introduced into a host such as cells upon use, together 
with a large mmaber of the hosts are pooled. The annular permanent magnet 4 
corresponds to a mg^etic source which is movably provided for controlling a 
predetermined magnetic force so that the magnetic supports in the solution in the tip 3 are 
moved relatively between the magnetic supports and the hosts, making the magnetic 
supports colUde with or enooimter the hosts. Moreovei; the m^^etic source transfer unit is 
for moving the aimular permanent magnet 4 with respect to the tip 3, 
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The tip ShasasmaUdiaineter Uquidpassagie 5 which^ 
dischai^ng a liquid with respect to a oontainer dot shown) provided outside, a large 
diameter storage vinit 6 whidi stores the mixture solution containing the magnetic supports, 
and a hollow middle diameter unit 7 in an approximately truncated conic shape which is 
provided between the liquid passage 5 and the storage imit 6. The axis of the annular 
permanent magnet 4 is desirably provided in an approximate coaxial mannei; inclined, or 
in parallel with respect to the axis of the storage unit 6, so that the annular permanent 
magnet 4 is movable in the axial, radial, and drcimi&rential directions, and optional 
combination thereof around the storage imit 6. 

Moreover, an attachment unit 8 for attaching the nozzle 2 on the top of the storage 
unit 6 is provided. The nozzle 2 is commimicated with a piston via a duct Giot shown) and 
corresponds to a pressvire adjiister. 

The annular permanent magnet 4 is a combination of two semiannular 
permanent magnets. One semiannular permanent magnet has a north pole in an area 
including the center, and south poles on the opposite ends. The other semiannular 
permanent magnet has a south pole in an area including the center, and north poles on the 
opposite ends. These opposite ends are connected and formed into an annular shape. Lanes 
of magnetic force are distributed such that the density of two portions including the centers 
which feice each other with the storage unit 6 of the tip 3 being the packing unit 
therebetween, is even jand the hi^est, and the density gets lower as it goes away &om the 
area along the torus. 

In FIG. 1, the annular permanent magnet 4 can be osdllated in the directions 
shown by the arrows 9 and 10 in a sohd straight line, by the magnetic force transfer unit. 
Moreover, the nozzle 2 and the tip 3 attached thereto can be rotated by a nozzle rotation 
unit (not shown) in a direction shown by the arrow 11 in a sohd curved line. 

The arrow 12 in a broken line represents a case where an attempt is made to 
separate the magnetic siq}ports by making them attach to the waU of the tip 3, moving the 
annular permanent magnet 4 along the direction linking the magnetic poles, so that only 
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one magnetic pole oomes sufiSciently dose to the storage unit 6 of the tip 3. These xxxagaetic 
soiaroe transfer unit, nozzle rotation unit^ and pressure adjtister constitute the magnetic 
force control unit, which constitutes the introduction treatment unit tc^tiier with the 
annular permanent magnet 4 being the magnetic source. 

FIG. 2 e^lains the operation of the apparatus 1 for introducing a biolc^cal 
material shown in FIG. 1. 

A mixture solution containing the magnetic supports carrying the biological 
material to be introduced into ceUs being a host drawn fit>m an external container throi^h 
the Hqxud passage 5 of the tip 3, and the cells being the host> are placed in the storage unit 6. 
At this time, the magnetic force due to the annvdar permanent magnet 4 afifects the 
magnetic supports contained in the mixture solution. 

Moreovei; due to the annular permanent magnet 4, magnetic forces of 
approximately identical degree influence the m£^etic supports mainly &om two fodng 
directions with the tip 3 therebetween. Therefore the balance of the respective magnetic 
supports is maintained where the combined magnetic forces almost cancel each othei; 
keeping the magnetic supports fix>m being attracted urdlaterally to one direction, and to not 
be attached to the wall of the tip 3. Hie magnetic supports are also kept &om felling down 
due to the gravity, by the magnetic force, and the magnetic supports are developed in a high 
density in a layered planar shape in the solution. As shown in FIG. 2 (a), the magnetic 
supports in the mixture solution form a horizontal planar magnetic support layer 13 in an 
approximate letter 8 shape as shown in FIG. 2 (b) at the hei^t where the annular 
permanent magnet 4 is present. 

Regarding the magnetic support layer 13 in such a developed state, the annular 
permanent magnet 4 is osdllated and repeatedly moved along the vertical arrow 10 by the 
magnetic source transfer unit (not shown) and the nozzle 2 is rotated by the nozzle rotation 
imit. In consequence, the magnetic support layer 13 is osdllated in the direction of the 
arrow 14 as shown in FIG. 2 (a), and the layer 1 3 is rotated in the tip 3 as shown by the 
arrow in FIG. 2(b). 
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Aocordingly, the magnetic stipport layer 13 is extended to partition the tip 3 into 
upper and lower parts horizontally as if it is a filter or a paper provided approximately in 
the middle of the tip 3. Therefore the vertical oscillation of the magnetic sxipport layer 13 
using the magnetic soxirce transfer unit can promote a doser approach of the magnetic 
siq)ports to the hosts dijSused in tiie solution passing throu^ the magnetic siq)port layer 13, 
and can increase the number of collisions or the rate of collision, or increase the chance of 
encounter. 

As a result, it becomes highly possible that the hosts in the solution collide with or 
encoimter the no^^etic si^)ports constituting the magnetic support layer 13, making the 
magnetic siq)ports come in contact with the hosts, making the magnetic siq>ports adhere to 
the hosts, or making the magnetic support enter the hosts. 

Next is a description of a biological material introdiiction system 15 aooordii^ to a 
second embodiment based on FIG. 3 to FIG. 9. The same reference synibols are used for 
components the same as those described in the first embodiment^ and the deseription 
thereof is omitted. 

As shown in a plan view of FIG. 3 (a), the biological material introdiK±bn sj^tem 
15 has- a stage 16 on which the biological material introduction treatment is performed; a 
set of eight nozzles unit 17 having the abovementioned nozzles 2 provided for the stage 16, 
and arrai^d-at intervals along a horizontal line with the respective ax3S thereof vertical 
and in parallel, with the tips 3 detachably attached to the nozzles 2 respectively?' reagent 
baths 18 provided with variovis medivims according to the host type? tip racks 19 havii^ 
xmused tips 3 to be attached to the set of ei^t nozzles 2 arranged in a matrix form of eight 
coliimns each; a microplate 21 having solution packing umts 20 arranged in a matrix form 
of 8 columns x 12 rows for containing a solution for performing the biological material 
introduction treatment, that is, a mixture solution containing a lai^ number of magnetic 
supports carrying a target biological material to be introduced into a host such as oeUs, and 
a large number of hosts, mixed in solution^ a container 23 coic^rising solution packing tinits 
22 of 8 columns x 2 rows containing DNA solution; and a container 25 con^^rising solution 
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packing units 24 of 8 oolunins x 2 rows containing a solution suspended with oells as the 
host One row of the solution packing units in the oontainer 25 is a container 26 for PGR 

Furthermore, the st2^ 16 has," a magnetic force treatment xmit 27 corresponding 
to the introduction treatment \mit, by which a magnetic force can be applied to the tips 3 
attached to the set of ei^t nozzles 2 all at once; a container 29 comprising solution packing 
imits 28 of 8 colimms x 2 rows for containing the introduced result' and a waste vent 30 for 
disposing the used tips 3. Reference symbols 31, 32, and 33 denote heated/cooled areas 
where a temperature control \mit for heating or ooohng the containers in the respective 
areas is provided, enabling control of tiie temperature. 

The set of e^it nozzles imit 17 has the set of eight nozzles 2 and the set of ei^t 
tips 3 attached thereto. A nozzle head 77 provided with various mechanical sections is 
provided to the nozzle xmit 17. The nozzle head 77 is provided with a Z-axis driving motor 
81 which vertically moves the nozzle xmit 17. 

Moreovei; the biological material introduction systeml5 has a Y-axis conveyer 82 
which can move the nozzle head 77 in the Y-axis direction, and an X-axis conveyer 83 which 
can move the nozzle head 77 in the X -axis direction. Therefore, the nozzle head 77 is 
movable horizontally and vertical^?' within the area on the stage 16. Reference sjnnbol 84 
denotes a motor for driving the X-axis conveyer 83. As shown in the fixDnt view of FIG. 3 (b), 
the motor 84 moves the nozzle head 77 in the X -axis direction by driving to rotate the belt 
85. Here, the Y-axis conveyer 82, the X-axis conveyer 83, and the Z-axis driving motor 
correspond to the transfer unit. 

Reference symbol 86 denotes a P-axis motor which drives the piston in the 
pressing adjtister commxmicated with the nozzle 2 to adjust the pressure in the nozzle 2 
and the tip 3. The P-axis motor 86 drives to rotate a ball screw 88 via a coupling 87. Anut 
89 into which the ball screw 88 is threaded, is Jfixed to props 89b and 89c for guiding via a 
plate 89a. Therefore, the ball screw 88 is vertically moved by tiie rotation, which moves a 
set of eight pistons (not shown) provided on a member 90 which is provided at the bottom of 
the ball screw 88, vertically all at once. Reference symbol 80 denotes a part provided with a 

38 



rotating mechanical section fi>r rotating the nozzle 2 around it axis. 

FIG. 4 shows the magnetic &rc5e treatment unit 27 in a state where the point of 
the tip 3 attached to the respective nozzles 2 of the nozzle unit 1 7 is inserted into the 
respective holes 95. 

In order to apply the magnetic fbroe to the inside of the tip 3, tiie nozzle xmit 1 7 is 
moved to the magnetic force treatment imit 27 by the transfer medbanisms 82 and 83 on 
the stage 16, and the tip 3 is inserted into lixe magnetic force treatment unit 27. 

As shown in FIG. 4, the set of e^ht nozzles 2, and therefore the tips 3, are 
arrai^ed along the horizontal line. Moreover, the magnetic force treatment xmit 27 has two 
linear magnetic soxiroes 36 and 37 which have rod-shaped supporting sections 34 provided 
on the opposite sides with the tip 3 therebetween, in parallel along the horizontal line, and 
eight permanent magnet blocks 35 set in positions corresponding to the respective tips 3. 

Here, the magnetic poles of the &cing magnet blocks 35 of the respective linear 
magnetic sources 36 and 37 may be the same or dififerent for the south poles and the north 
poles. Moreover, the magnetic poles of the respective hnear magnetic sources 36 and 37 
may be arranged to be alternately difiEerent in some cases, while the same magnetic poles 
maybe arranged in other cases. 

The respective linear magnetic sources 36 and 37 are provided so as to be able to 
come closer or go away with respect to the nozzle xmit 1 7 by a dose/away direction transfer 
mechanism, and so as to be movable along the array direction of the nozzles 2 of the nozzle 
xxnit 17 by an array direction traiisfer mechanism. The dose/away direction transfer 
mechanism has- motors 91; ball screws 92 driven to rotate by the motors 91; holddown 
members 93 which are provided so as to be threaded by the ball screws 92 and fixed to the 
respective floor boards (not shown) of the array direction transfer mechanism which is 
movably provided with respect to the stage 16 in the horizontal plane; two props 95 which 
are inserted throxigh the holddown members 93 and connected with the supporting 
sections 345 and movable members 94 which sxipport the motors 91, the ball screws, and 
the props 95. The supporting sections 34 can be moved back and forth with respect to the 
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nozzle xmit 17 by driving the motors 91. The array direction transfer med^^ 
mechaiiism to move the linear magnetic sources 36 and 37 separately by a predetermined 
distance (about the distance between adjacent nozzles 2) in the horizontal plane along the 
array direction of the nozzles 2 of the nozzle vinit 17. The transfer mechanism is provided 
5 witii the two floor boards which are separately provided so as to be movable along the rail 
(not shown) along the array direction, provided on the stage 16, instead of the linear 
magnetic soxirces 36 and 37 of the dose/away direction transfer mechanism, and is 
respectively provided with holddown members jGxed to the stage 16, instead of the 
holddown members 93. 

10 In this manner; with respect to the tip 3, the lines of magnetic force can be moved 

by moving the tip 3 itself in the Z-axis direction, the Hnes of magnetic force can be moved by 
moving the supporting sections 34 freely back and forth with respect to the tip 3, and the 
lines of magnetic force can be moved by moving the supporting sections 34 horizontally 
along the array direction of the nozzles 2. Here, the transfer mechanism corresponds to the 

15 magnetic source transfer unit. 

An example shown iri PIG. 5 illustrates linear magnetic soim^es 99 and 100 on 
whidi semiaimiilar permanent magnets 97 and 98 are arrai^ied at intervals corresponding 
to the respective tips 3. The semiannular permanent magnets 97 and 98 respectively 
correspond to the two sexaiaimvilar permanent magnets of the aimular permanent magnet 

20 4 described in FIG. 1, 

FEG. 6 shows the rotating medianical section 80 provided in the nozzle imit 17. 
The rotating mechanical section 80 has^ a support plate 101; a motor 102 which is provided 
on the support plate 101, for rotating the respective nozzles 2 about their axes; and a txnnng 
belt 103 whidi is provided above the support plate 101 and spanned around a driving 

25 pulley 108 of the motor 102, nozzle pulleys 109 provided for the respective nozzles 2, and 
pulleys 104, 105, and 106, to rotation drive the nozzles 2. Eeference symbol 107 denotes a 
rotary joint for rotatably connecting along the axial direction, and the piston is coimected at 
the top. Reference symbols 110 and 111 denote bearings. 
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FIG. 7 and FIG. 8 schematically show the position of the respective tips 3 of the 
nozzle xinit 17, and the linear magnetic sources 36 and 37 in the magnetic force treatment 
xmit27, 

FIG. 7 (l) schematically shows a case where the respective distances of the linear 
magnetic sources 36 and 37 are apart fix)m the nozzle vinit 17 enou^ to weaken the 
magnetic force influencing the inside of the tip 3. In this case, as shown in FIG. 7 (2), no 
arrow is shown representing the magnetic force inside each tip 3, since the magnetic force 
inside each tip 3 is weak. 

FIG. 7 (3) shows a case where the respective linear magnetic sources 36 and 37 are 
made closer fix>m the opposite sides, to the nozzle unit 17 by the transfer unit. In this case, 
as shown in FIG. 4 (4), each tip 3 receives the magnetic force vertically. 

FIG. 7 (5) shows a case where one linear magnetic source 36 is made even closer to 
the nozzle vmit 17 and the other linear magnetic source 3 7 is made further away from the 
nozzle unit 17. La this case, as shown in FIG. 7 (6), the magnetic force is applied in one 
direction only. Therefore, the magnetic supports contained in the tip 3 are attracted in one 
direction only, and attached to the internal wall of the tip 3, and thus separated. 

FIG. 8 shows a case where the linear magpetic sources 36 and 37 are displaced by 
a shorter distance than the distance between the adjacent tips 3 along the horizontal line, in 
a state where tiie linear magnetic sources 36 and 37 are dose to the nozzle tmit 17. FIG. 8 
(l) shows the state where the linear magnetic source 36 is moved to the left and the linear 
magnetic source 37 is moved to the n^t respectively by about a half of the distance 
between the adjacent tips 3. The magnetic force inside the respective tips 3 in this case is 
applied in the directions shown in FIG. 8 (2). FIG. 8 (3) and (4) show a case where the case 
of the FIG. 8 (l) and (3^ is displaced in reverse directions of left and right Similarly to the 
present example, the magnetic forces are applied to oppose each other with the respective 
tips 3 therebetween, by moving the linear magnetic sources 36 and 37. Therefore, the 
magnetic supports inside the tip 3 can be influenced so as to develop. 

FIG. 9 shows a state seen from the horizontal direction along the horizontal line, 
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for when the tips 3 attached to the set of ei^t nozzles and linearly arranged, are moved to 
the m^^etic foroe treatment unit 27 and inserted into the openings. Therefore, in PIG. 9, 
only one tip 3 out of e^t tips is illustrated, and the magnetic force treatment xmit 27 is 
iUustrated such that the rod shaped linear magnetic sources 36 and 37 provided in parallel 
with the set of eight nozzles 2 on the opposite sides with the tip s 3 therebetween, each have 
one permanent magnet block 35 out of ei^t provided for the supporting section 34. 

The linear magnetic soviroes 36 and 37 are not only provided so as to be able to 
come closer or gp away (refer to FIG. 7 and FIG. 8) with respect to the tip 3 as shown by the 
horizontal arrows in FIG. 9, but also so as to be movable vertically as shown by the arrows 
along the axial direction of the respective tips 3. Moreovei; the tip 3 itself is rotatable about 
the axis as shown by the curved arrow. 

Furthermore, it is possible to apply the ms^etic force in a route as shown by the 
curved broken lines of the drawing, by moving the respective linear magpetic soim^es 36 
and 37 along both of the axial direction and the dose/away direction of the tip 3 at the same 
time. In these examples, variovis magnetic forces are appHed to the inside of the tip 3 
exclusively by moving the linear magnetic soiuices 36 and 37 of the magnetic force 
treatment imit 27. However, it is also possible to apply the same type of magnetic foroe by 
moving the nozzle unit 17 itself In this case, the linear magnetic sources 36 and 37 
correspond to the magnetic source, and the transfer xmit of the nozzle unit corresponds to 
the m£^etic source transfer xmit. 

According to the present embodiment^ since the magnetic force is applied to the 
tips being the respective packing xmits, fxxmi at least two directions, it is possible by the 
magnetic force to avoid the condition where the m^netic supports are attached to or 
precipitated on the wall or the bottom of the packing xmit respectively. By moving the 
linear magnetic soxirces vertically and horizontally, or by rotating the respective tips, the 
magnetic supports can be moved relatively with respect to the host in a state where they 
are developed in a higher density than the other areas within the packing xmit, thxis 
increasing the nxmaber of collisions or the rate of collisions of the magnetic supports and the 
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host, or iDGreasing tiie chance of encounter, so that the intaxxludion treatment can be 
per£bnned efSdently. 

In the above examples, the operation of the packing unit, the pressure adjvister, the 
magnetic source, the magnetic fcroe transfer unit, the transfer vmit and the like is 
controlled by an in&rmation processor (not shown). The information processor has" a CPU; 
a memory, a CDROM, a flexible disk, a DVD and the like which store various programs 
such as the procedure for the introduction treatment or various data on the biological 
material, the host, the magnetic svQ)port, the magnetic source, the environmental 
conditions, and the Hke! input devices such as a keyboard and a mouse for inputting varioiis 
data such as host data, biological material data, reagent data, and the like, and instructions 
of various operations; output devices such as a display device and a printer which show the 
result of introduction, treatment status, the rate of collision, the nxmaber of collisions, or the 
probability of encounter (density or distribution of magnetic support or host); and a 
commvmication fedlity such as a modem. 

Next, FIG. 10 shows seven types of magnetic supports according to a third 
embodiment 

The first type of magnetic st5)port shown in FIG. 10 (l) is a globular partide, 
having a size between lOOmn and several pm for example, which is used if the particle 
sur&oe coat and the host have the good adhesive property. For the material, a 
magnetizable supeiparamagnet is used, which is made of for example, an iron hydroxide, 
an iron oxide hydrate, an iron oxide, a mixed iron oxide, or iron. 

The second type of magnetic support shown in FIG. 10 (2) has a major axis where 
one axis is formed longier than the other axis, being a rotatii^ symmetry body with respect 
to the major axis, and the opposite ends along the major axis are formed tapered. If it is 
magnetized, or formed to be magnetizable, in the major axis direction, it becomes movable 
by the magnetic force in the major axis direction, and thus is readily controlled. The size of 
the magnetic support is about between lOOnm and several ixm for example, and the 
caaterial is similar to that described for the first type of magnetic support. In the present 
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example, the xnagaetic support has the structure for &cilitating entry into the host, and is 
used for example in a case where there is a ceU waD, or the cell membrane is strong, or a 
case where oeU surfeoe treatment is not performed. 

The third type of ms^etic support shown in FIG. 10 (3) has a porous surEace, or 
5 carries other porous material Aooordin^y, it can reliably cany the biolc^cal materiaL 

The fourth type of magnetic support shown in FIG. 10 (4) is globular having a 
laj^ nimiber of projections on the surfeice of the msignetic support itself or the material 
carried by the ms^etic support Aooordingly, it can reliably carry the biological material 
between projections. 

10 The fifth type of magnetic support shown in FIG. 10 (5) has a plurality o^ for 

example the first to fomth types of the magnetic supports connected. The oormection 
portion is used as the carrier. The magnetic support is readily produced and is of low price. 

The sbcth type of magnetic support shown in FIG. 10 (6) has a major axis longer 
than the other axis, being a rotating symmetry body with respect to the major axis, and the 

15 opposite ends along the major axis are formed tapered. Moreovei; a carrier having an 
aimular groove on the side fooe is provided. Asaresiilt^ the capacity to carry the target 
biological material on the magnetic support can be increased. The material is similar to 
that of the first type of magnetic support for example. 

The seventh type of magnetic support shown in FIG. 10 (7) is a complex support 

20 being, for example a gLobvilar particle-shaped object combined with filamentary supports as 
acarrier It is used, for example in a case where the cell membrane is relatively weak, 
requiring introduction imder a mild condition, in a case of a dilute fungus hqmd, or in a case 
where handling is &cilitated if the target biolc^cal materials are aggregated. The 
respective filamentary supports are not introduced into a host, but a load is applied to the 

25 hosts entwined with the filamentary supports by applying the magnetic force, so that the 
force is applied as a line, and not as a point, to reduce damage. Since this method allows 
treating the particle and the carrier separately, manu&icture is fo^dhtated. 

If the target biological material is adhered to or combined with the magnetic 



support by physical adsorption or electrical interaction, they are readily separated inside 
the host Moreovei; the magnetic siq>port may carry an intixxiuction adjuvant for 
&cilitatii^ introduction of the magnetic siq)port into the host. For example, when a 
bacterial gene is introduced, the membrane fluidity is increased by calcixmi chloride so as to 
fetdlitate taking in of the plasmid, Inacaseofananimaloell,itisprotoplasti2edusii:^ 
polyethylene ^yool and then introduced. Moreover, in order to increase the chance of 
contact with cells, cell aggregation may be promoted (crosslinking between cells by bivalent 
metal ions and the like) so as to perform the introduction treatment in a condition where 
the cells are coi^omerated. 

Next is a description of a gene therapy using the apparatus for introducing a 
biobgical material and the method of introdxidng a biological material according to a fourth 
embodiroent, based on flG. 11. 

As shown in FIG. 11, in step Si cancer cells collected fiom a caiicer patient are 
placed in a container. Acontrast medium such as Fe (Cu) having a property of attaching to 
the cancer ceU tissues, is administrated to the vidnity of the cancerous area by injection, the 
cancer cells are collected usu^ X ray irradiation, and then put into the solution packing unit 
24 of the container 25. In step S2, the magnetic supports and proteins p53 are mixed in the 
solution, and repeatedly drawn and discharged lightly by the nozzle imit 17, so that the 
magnetic sx:^port can cany the protein p53. 

Here, '"pSS' is one type of protein which monitors the presence/absence of DNA 
damage in a cell at all times, and allows DNArephcation only if there is no DNA damage- 
Moreover, when it finds an abnormality in the DNA, it inhibits transcription by a 
transcription &ictor and stops the replication of the damaged DNA, and the large nimaber of 
the produced p53 repair the DNA damage rapidly. If the damage is great at this time, it 
gives up repairing the cell, and gives instructions to remove the cell. 

Therefore, by introducing p53 into a cancer cell, there is provided a property of 
stopping the replication of the cancer cell, and repairing the DNA damage rapidly. 

In step S3, a PEG (polyethylene glycol) solution corresponding to the adjuvant^ 
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and the m^^etic supports carrying p53 being llie biological material, are mixed in a 
predetermined solution paddi^ unit of the micrqplate 21, and lightly stirred by repeatedly 
drawing and dischaiigLag using the nozzle xmit 17 so that the magnetic support can cany 
the PEG. Here, the PEG solution is to soften the cell membrane so that the magnetic 
5 support can enter readi^. 

In step S4, the cancer cells, and tiie magnetic supports carrying the p53 and the 
PEG are mixed ki the solution to make the mixture solution iu the solution packing unit of 
the microplate 21. 

In step S5, the nozzle unit 17 is moved to the solution packing unit of the 

10 nuax)plate 21 containing the mijcture solution, and the mixture solution is drawn as fer as 
the storage imit 6 of the tip 3. 

In step S6, the nozzle unit 17 by which the mixture solution is drawn, is moved to 
the magnetic force treatment imit 27 while carrying the mixture solution, and the tips 3 are 
inserted into the openings of the magnetic force treatment unit 27. 

15 Next, the linear magnetic sources 36 and 37 in the magnetic force treatment xmit 

27 are brought dose to the Hps 3 arranged in a linear form, and are moved by about the 
width of the tip 3 in parallel with the line, or are moved vertically. By so doing, the 
magnetic supports are developed in the tip 3 and are moved within the tip 3 ia the 
developed state, so as to increase the number of collisions or the rate of collisions of the 

20 magnetic supports and the cancer cells bein^ the host, or increase the chance of encounter 
thereof thus making the magnetic support enter the cancer cell 

In step S7, after the p53 is introduced into the cancer cell by making the magnetic 
support enter the cancer cell, one linear m^^etic soim^ 36 in the m^netic force treatment 
unit 27 is brou^t dose to the nozzle unit 17 and the other linear magnetic source 37 is 

25 taken away fix)m the nozzle xmit 17 for a predetermined distance or more. Thereby a 
unidirectional magnetic force is applied to the magnetic support, so as to separate the 
cancer oeUs which the magnetic supports entei; by making them attach to the inner wall of 
the tip 3. Afljer discharging the residual liquid, the separated cancer cells are moved* to the 
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container 29 together with the nozzle unit 17, while being attached to the inner wall of the 
tip 3. By repeatedly drawing and discharging the solution in the container 29, the cells are 
resuspended in the solution, which is then put into the solution packing unit. 

In step S8, the solution containing the separated and extracted oeUs where the 
abnormality of the DNAhas been repaired by the action of the introduced p53, and into 
which the magnetic siq)port has been entered, is again drawn and held by the nozzle unit 
17. Then, the solution is moved to the reagent bath 18 and discharged to the media therein 
and the ceUs are cidtured. 

In step S9, the solution containing the repaired cells into which the p53 is 
introduced, is again drawn and held by the nozzle unit 1 7 and moved to the magnetic forc5e 
treatment imit 27. One linear magnetic soxiroe 36 is brought dose to the nozzle unit 17 and 
the other linear magnetic source 37 is taken away fcom it Therefore the repaired cells 
which the magnetic supports have entered into and remain inside, are separated and 
removedbyinaktngthemattachtotheinnerwallofthe tip 3. The residual solution is 
discharged and put into the solution packing imit 28 of the container 29. The used tip 3 
having the absorbed cells containing the magnetic supports is detached and disposed into 
the waste vent 30. 

In step SlO, the repaired cells into which the p53 obtained in this way by pure 
culture has been introdxioed, are adhered to Fe (Cu) having the property of attaching to the 
cancer cells, and then administrated to the diseased area of the patient by injection. When 
cells having p53 introduced are administrated in lai^ amoimts, the cancer oeUs can be 
removed or repaired due to the action of the p53, enabling treatment of the cancer. 

Next is a description of a production metiiod for a protein according to a fiflh 
embodiment, based on FIG. 12. This method shows an example where a magnetic force is 
not required for separation. 

In step Sll, a recombinant plasmid having a target gene to produce a useful 
protein to be synthesized inside a cell is made. Regarding the recombinant plasmid 
(Pbr322), a ring-shaped plasmid is cut by adding a restriction enzyme and is made into a 
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linear-shape, then mixed with the target gene DNA, and a DNAligase is added thereto to 
make the ring-shaped recombinant plasmid. 

Instep S12, a large number ofthere<»mbinantplasnuds are mixed with a 
number of the magnetic supports in a solution, so as to make the magnetic support cany 
the recombinant plasmid. 

On the other hand, in step S13, a solution containing E. oolis as a host is drawn 
fit)m a container in which it is contained using the nozzle imit 17. Instep S14, it is moved 
into a container containing a sxxrfeoe treatment reagent as the introduction adjuvant which 
softens the sur&oe of the E. coli, then dischai^ed and mixed. 

In step S15, a mixture solution is made by mixing E. colis and the magnetic 
supports carrying the recombinant plasmid in the solution while gentiy stirring, and put ia 
the solution p ackihg imit 20 in the micrpplate 2 1 in FIG. 4. 

In step Si6, the microplate 21 is cooled dmmg incubation (cooling temperature is 
4°C) in the heated/cooled area 31, so as to recover the cells which were damaged diuing 
mixing with the reagent or duriii^ movement. 

Li step S17, in order to ^cUitate the introduction of the plasmid as the target 
biological material carried by the magnetic support into the E. coH, heat shock is applied by 
heating for 30 to 90 seconds at 42°C ia the microplate 21 in the heated/cooled area 31. 

In step S18, the nozzle xmit 17 is moved to the microplate 21, and then to the 
magnetic force treatment unit 27 while drawing and holding the mixture solution, and the 
linear magnetic sources 36 and 37 are moved in a predetermined direction, so as to apply 
the magnetic force to the nozzle unit 17. As a result^ in the state of being developed in the 
mixture solution, the magnetic supports are moved relatively with respect to the host by 
the magnetic force, so as to increase the number of collisions or the rate of coll^ or 
increase the chance of encounter, making the magnetic supports enter into the E. colL 

In step S19, the introduction treated mixture solution is moved to the microplate 
2 1 while being drawn into and held in the respective tips 3 of the nozzle unit 17, and 
disdiaz^ed thereto. Then, the mixture solution is cooled down quickly to 4°C by incubation 
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in the heated/oooled area 31, and the cell membrane of tihe E. ooli is closed to oomplete the 
intzodviction treatment. 

Li step S20, in order to separate and extract the E. oolis into which the plasmid 
with the target biological material is introduced, an antibiotic is added to the mixture 
solution for which the introduction treatment is oon9)leted, so as to kill the E. colis not 
having the recombinant plasmid introduced, and the E. oolis into which the plasmid is 
inlaxxluced are separated. 

In step S21, the mixture solution containing the E. coh into which the plasmid is 
iatroduced, is drawn and held by the nozzle unit 17, then transferred to the mediimi of the 
re£^nt bath 18, and discharged to the mediimi. 

The mixture solution discharged to the mediimi is cultured by incubation at 37°C 
for 30 to 60 minutes and the host oeUs are repaired and stabilized. 

The above respective embodlEnents have been spedfically described for better 
imderstanding, and are not to be considered as limiting other embodiments. Therefore, 
modifications can be made without departing fiiom the scope of the present invention. For 
example, in the description above, only a case where an annular magnet or two linear 
magnets with the tip therebetv^een, are used, has been described. However, the invention 
is not limited to this example, and for example permanent magnet blocks or electromagnets 
maybe used in some cases. 

Furthermore, in a configuration where three or more of the permanent magnet 
blocks or the electromagnets are arranged so as to have the same central angle as each 
other, aroimd the packing vmit of a circular tubvilar shape, a magnetic force modification 
unit which modifies the respective magnetic forces sequentially at a predetermined period, 
may be provided instead of the me^etic source transfer unit. 

Alternatively, the magnetic source transfer imit may have as the magnetic source, 
three or more of the permanent magnet blocks or electromagnet blocks which are arranged 
so as to have the same central angle as each other, aroimd the packing unit of a circular 
tubular shape, so that the magnetic source can be made radially closer to or apart from the 
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packing unit or can be movable along the axial direction and the diciunferential direction. 
Moreover; in the magaetic force treatment imit, a plurality of annular permanent magnets 
may be arranged instead of the linear magnetic soimses. Furthermore, the linear ms^etic 
sources may be provided for the packing xmit 

Moreovei; the two m^^ets or the magnetic poles provided so as to feoe each othei; 
of the linear magnetic sources may have the same pole or opposite poles. Furthermore, it is 
preferable in terms of the structural stability of the apparatus, that the permanent magnet 
blocks arrar^d on the linear magnetic soim» are arranged to have diOerent m£^etic 
poles alternately and the iaidng linear magnets are provided with magnetic poles different 
to the corresponding magnetic poles. 

Only the case where the linear nozzle imit has a set of eight, has been described, 
however the number is not limited to "e^tf ' and may be selected based on the mmaber of 
container welkoftliermcroplate to be iised. The packing unit is not limited to the 
illustrated tip but has various shapes. The host and biological material are also not limited 
to the examples of the embodiments and have various types. Moreovei; the plurality of 
packing units may be arranged not only in a linear form but also in am In this 

case, the magnetic sources for the introduction treatment units are arranged in a matrix 
form corresponding to the arrangement of the packing units. Therefore, the integration can 
be fiarther advanced and the introduction treatment can be further efl&cientiy performed. 
The arrangement may be not only a linear form nor a matrix form, but in a curvilinear 
foim. 

Next is a description of an apparatus for introducing a biological material 
according to a sixth embodiment^ based on FIG. 13 and FIG. 14. The same reference 
symbols are used for components the same to those described in the second embodiment, 
and the description thereof is omitted. 

The apparatus for introducing a biological material according to the sixth 
embodiment is provided with a perforation treatment omit which perforates the cell 
membrane or the like, being the boimdary &om the outside of the host such as the cell 
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within the packing iinit. The per£bratLon treatment unit has a perforation force source 
provided at the tip corresponding to the packing xmit in order to apply a perforation force to 
tiie host, and a perforation force soiuxse control unit which controls the perforation force 
source. Examples of the perforation force soxirce are described based on the drawings. 

FIG. 13 (l) shows a nozzle unit 39 wherein the set of ei^t nozzles 2 described in 
the second embodiment are arrai^d with their respective axes vertical and in parallel 
with each other at intervals along the horizontal line, and tips 40 are detachably inserted 
into the nozzles 2 respectively. Moreovei; as described in the second embodiment^ the set of 
ei^t nozzles 2, and therefore the tips 40, are arrangied aloi^ the horizontal hne. The 
magnetic force treatment xmit has two linear magnetic sources 36 and 37 which have 
rod-shaped supporting sections 34 provided on the opposite sides with the tip 3 
therebetween, in parallel along the horizontal line, and ei^t permanent magnet blocks 35 
set in positions corresponding to the respective tips 3. 

In PIG. 13 (l), as the perforation force source to generate disdharge p vdses, a pair of 
facing electrodes 41 and 42 are provided on the inner wall of the small diameter Kquid 
passage 5 of the tip 40 at a hei^t corresponding to the Unear magnetic sources 36 and 37. 
Conducting wires 43 and 44 reach &om the respective electrodes 41 and 42 through the 
middle diameter imit 7 and the inner wall of the lar^ diameter storage unit 6 to the 
attachment unit 8 along the axial direction. The ends of the respective conductii^ wires 43 
and 44 are to be coimected to terminals 45 and 46 which are coimected with a power circuit 
(not shown) provided on the outer surfoce of the nozzle 2 via conducting wires 47 and 48, at 
the time of attachment. By applying a predetermined discharge pulse fix>m the power 
drcuLt to between the p air of the electrodes 41 and 42 in a state where a magnetic force is 
applied by the linear magnetic soittces 36 and 37, the perforation treatment is applied to 
the host passing throu^ the liquid passage 5. 

In FIG. 13 (2), a nozzle unit 49 is used instead of the nozzle imit 39 described in 
FIG. 13(1). 

In the nozzle unit 49, as the perforation force sovirce to generate the discharge 
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pulses, a pair of &Lcdng electrodes 51 and 52 are provided on the inner wall of the lar^ 
diameter stors^ unit 6 of the tq) 50 at a hei^t oorrespondii^ to the linear magnetic 
sources 36 and 37. Conducting wires 53 and 54 axe extended fixMn the respective electrodes 
51 aad 52 along the inner wall of the storage unit 6 upward reaching the attachment unit 8. 
5 The ends of the respective conducting wires 53 and 54 are to be connected to terminals 55 
and 56 which are connected with the power circuit Oiot shown) provided on the outer 
surfetce of the nozzle 2 via conducting wires 57 and 58, at the time of attachment. By 
applying a predetermined discharge pidse &om the power circuit to between the pair of the 
electrodes 51 and 52, the perforation treatment is applied to the host pooled in the storage 
10 unite. 

According to the tip 39 in FIG. 13 (l) or the tip 49 in FIG. 13 (2), it is possible to 
apply the volts^ to the electrodes, being the perfiDration treatment xmit, simply by 
attaching the tq) 39 or 49 to the nozzle 2, thus fetdlitating the handling. 

In FIG. 14 (l)^ a nozzle unit 59 is used instead of the nozzle imits 39 and 49. 

15 In the nozzle xmit 59, as the perforation force soviroe to generate the discharge 

pulses, a pair of &cing electrodes 61 and 62 are provided so as to pass thror^ the wall of 
the large diameter storage xmit 6 of the tip 60 fiom the inside to the outside at a hei^t 
corresponding to the linear magnetic sources 36 and 37. In order to apply the voltage to the 
electrodes, they may be coimected to the power circuit via portions 63 and 64 exposed to the 

20 outside of the electrodes. Therefore, since it is not necessary to pass the conducting wire to 
inside the tip 60, which is necessary in the nozzle xmits 39 and 49, the internal structure 
can be simpli&ed and the manxi&cturing cost can be reduced. Moreover; since the inside of 
the tip 60 is not so xmeven, the flow of a flxiid in the tip 60 can be smoothened. 

In FIG. 14 (2), a nozzle xmit 65 is xised instead of the nozzle xmits 39, 49, and 59. 

25 In the nozzle xmit 65, as the perforation force soim^e to generate xzltrasoxmd, an 

xiltrasonic oscillator 67 is provided at the height corresponding to the linear magnetic 
soxaroes 36 and 37. Aconducting wire 58 is provided from the xiltrasonic oscillator 67 along 
the axial direction inside the tip 66, and it is provided so that the end of the conducting wire 
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58 is connected to a terminal provided on the outer surl&oe of the nozzle 2, at the time of 
attachment of tlie tip 66. 

The perforation force source control unit which controls the perforation force 
source comprises an information processor and a program provided in the information 
processor. Tlie perforation force source control unit controls the perforation force based on 
the properties, the amoimt, or the density of the host^ the biological material to be inserted 
into the host> or the magnetic st5)port, and on the magnetic force control unit which controls 
the linear magnetic sources 36 and 37. That is, regarding the perforation into the host, the 
intensity of the perforation force is determined by the hardness of the host^ the size of the 
magnetic sxipport to be entered, or the acceptable size to introduce the biological material 
fixed on the ms^etic sv5)port when the magnetic si9)port is attached to the host Moreovei; 
the generation time, the frequency and the like of the perforation force are determined 
based on the amoimt and the density of the host or the magnetic sx^pport. 

The perforation force source control imit generates the perforation force in spatial 
or time association with the iatroduction treatment, according to the properties of the host. 
For example, if the host is a cell, when the cell membrane is perforated, it is repaired in a 
short time. Therefore it is necessary to execute the iatroduction treatment at the same tinae 
as the perforation treatment, or to execute the perforation treatment immediately affcer the 
introduction treatment. For that reason, the introduction treatment and the perforation 
treatment are required to be execatod in spatial or time association with each other. 

According to the present embodiment, the biological material carried by the 
magnetic support can be efl&cientiy introduced into the host by combining and controlling 
the electric field and the magnetic field. 

Next is a descrq)tion of a seventh embodiment. 

In FIG. 15 (l), there are a microplate 70 having eight holes 71 into which tips can 
be inserted all at once using the set of eight nozzles unit 17 (or 39, 49, 59, and 65), and a 
separation vmit 73 on which the microplate 70 is moimted and which has a pliirality of 
permanent magnet blocks 72 arranged at positions corresponding to the bottoms of the 
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respective holes 71. Media are oontained in the respective holes of the microplate 70. 

The int3X)ductiaa treated (or introduction treated and perforation treated) solution 
containing the host having the introduced magnetic support^ is drawn using the set of ei^t 
no2Eles unit 17, then transferred to the microplate 70 having the holes 71 containing the 
5 media, while beiQgccmtained in the respective tips 3 (39, 49, 59, and 65), by movingthe 
nozzle unit 17 itself and then dischargied into the respective holes 71 containing the media, 
all together. 

The host is cultured by incubation in the respective holes 71 for a predetermined 
time at a predetermined temperature, and the first generation host oontained first and 

1 0 having the introduced magnetic support is moved to the bottom of the respective holes 71 
by the magnetic force of the permanent magnet block 72. 

Then, as shown in FIG. 15 (2), by drawing only a portion which is not attached to 
the bottom in the respective holes 71 using the newly attached tip 74, while the linear 
magnetic source 36 (37) is dose to the liquid passage, the pure host having the introduced 

1 5 and cultured biological material can be extracted. 

According to the present embodiment, a pure cultured substance can be extracted 
eflSdently and reHahly with a simple apparatus. 

Moreover, the abovementioned respective components, parts, imits, for example, 
the paddngxmit, the containei; the ms^etic soviroe, the Hquidpasss^, the filter holdei; the 

20 nozzle, the tip, the ms^etic source transfer unit, the magaetic force modification imit, the 
permanent magnet, the electromagnet, the magnetic support, the carrier; the reagent, the 
host, the biological material, the magnetic force treatment xmit; the introduction treatment 
xmit, the transfer mechanism, the perforation treatment imit, the perforation force source 
(electrode, ultrasonic oscillator), the conducting wire, the terminal and the like may be 

25 optionally combined while appropriately modifying them if required. Particularly, the third 
to the eighteenth aspects of the present invention may be applied to the paddng unit and 
the introduction treatment imit of the thirty-first aspect of the present invention, and the 
twentieth to the twenty-seventh aspects of the present invention maj'^ be applied to the 
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mixing step and the introduction treatment step of the thirtj^-seventh aspect of the present 
invention. 

Moreover, the arrangement may be such that, for example the unused packing 
unit, the liquid passage in a tip form, the liquid pass£^ in a tip form with a filter, the filter 
holder, and the like are stored ia a rack, niakix^ them attadiable by nioving the carrier of 
the packing xmit, the nozzle of the pressure adjuster, or the liquid passs^ by the transfer 
mechanism, or that these used carrier, the liquid passage, and the Uke are detached and a 
rack to store them is provided. Therefore, the introduction treatment can be standardized 
and automatically performed without relyir^ on manpower. The transfer mechanism 
indud ing the packing unit, the portion between the containers and provided with the 
Hqmd passage outside, the magnetic source, and the rack, may be movably provided. 

The mechanism to realize the apparatus for introdiKni^ a biological material 
according to the first enibodinient has not been specifica^^ However, it can be 

realized by applyiag the mechanism described in the biological material iutrodtiction 
system according to the second embodiment to one nozzle only. 

Moreover, only the case where the perforation treatment unit is applied to the set 
of ei^t nozzles xmit has been described, however it is also applicable to one nozzle xmit oidy, 
and the number of the nozzles in the nozzle unit is not limited to eight. The respective 
mechanisms, tiie respective parts, the forms, and the like shown in the respective 
embodiments described above, show only examples and are not limited by these exan:q)les. 
Moreover, the introduction treatment may be performed afler increasing the permeability 
of the boundary of the host in order to increase the efl&dency to introduce the biological 
material For that purpose, for example, the introduction iriay be performed afberinduci^ 
the host by a divalent ion such as Ca, or afier indiidng the host by an oi^anic solvent in 
some cases. 
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